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PRE-COURSE MATHENATICS SKILLS AND SUCCESS ON

ADVANCED NAVAL TECHNICAL COURSES

Captain Kenneth A. Amyot

Canadian Forces Personnl Applied Research Unit
Willowdale, Ontario, Canada

Background

Training for Naval trades in the Canadian Forces (CF) has become
increasingly more expensive and lengthy in recent years. High levels of
attrition on technically advanced weapons and electronics courses have
become a cause for concern. To place the attrition problem into
perspective, it is necessary to briefly describe the selection and
training process.

Although Navy recruits are enrolled directly into electronics and
weapons technician trades, their initial or basic training, called Trade
Qualification (TQ) 3, is designed to prepare them to become junior
operators of the naval combat systems equipment associated with their
assigned trades, This is followed by two to three years of employment at
sea during wnich time they qualify to the next higher level, TQ4, through
on-the-job training. At this point, technical training to prepare them
for employment as maintainers of equipment is provided as a TQS formal
course.

In most CF trades, TQ5 training is a logical extension of TQ3

training, with success on basic (TQ3) training being a good predictor of

success on more advanced (TQ5) training. For this reason, selection

standards have been developed and validated on the basis of TQ3

performance. High success rates on Naval TQ3 courses indicate that the

entry standards work well for that purpose. However, because of the
disjuncture associated with the Naval "user/maintainer" concept, the

aptitudes required for success at tne higher levels may well be different
than for the basic level.

Advanced Naval technician training is substantially academic,
emphasizing mathematics. Aptitudes used for selection may include ability
to learn, but not nece3sarily achievement; i.e., whether the material has
already been acquired. Training development authorities at the CF Fleet
School in Halifax, Nova Scotia, where these courses are conducted,

attribute the high TQ5 attrition directly to a lack of sufficient

mathematics skills prior to training. To address this deficiency, a three

The views and opinions, expressed in this paper are tose of the author,

and not necessarily those of the Department of National Defence.
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week Pre-Academic Qualifying Course (PAQC) was introduced to immediately
precede the first semester of the TQ5 course. Although part of the
purpose of the PAQC was to bring tradesmen up to the required threshold
level of mathematics, in reality it serves a screening function. It has
been increasingly difficult and expensive to continue to operate PAQC
training. The Canadian Forces Personnel Applied Research Unit (CFPARU)
was tasked to explore the possibility of a cost-effective substitute for
PAQC training.

Remedial Training

Cognizant of the deficiency in pre-course mathematics skills, the
CF Fleet School devised a number of remedial measures. A self-study
Programmed Instructional Package (PIP) was found to be ineffective. A
Computer Assisted Learning (CAL) Laboratory was established to allow
students to upgrade their mathematical knowledge during off-duty time
before or during TQ5 training. While effective, the CAL facility (located
only on the East coast) was not readily accessible to all students. The
scope of this project was, therefore, expanded to include an examination
of means to better integrate the CAL facility within the training process.

Canadian Achievement Tests

Research was initiated to identity standardized, commercially
available tests to measure competence in mathematics and to determine
their ability to predict success on the PAQC and follow-on TQ5 courses.
The tests selected were the two mathematics subtests of the Canadian
Achievement Tests (CAT) (Canadian Test Centre, 1981). The California
Achievement Tests, a ,idely used test battery in the United States,
provided the initial pool of items for the CAT. The Canadian version met
the criterion of being achievement tests for which Canadian national norms
4ere available. The Canadian norms are based on a sample of 76,000
students randomly selected from across the country.

The first subtest, "Computation", relates to the four basic
functions of addition, subtraction, multiplication and division. The
second subtest, "Concepts and Applications", includes problems covering
such areas as number theory, scales, measurement/graphs, geometry, problem
solving, fractions, and rodnding and estimating. The content of the
subtests covers the full range of matnematics taugat in grades nine
through twelve. The subtest scores, and their combined total, may be used
to obtain both norm-referenced and criterion-referenced descriptions of
achievement.

Analysis

The two CAT subtests were administered to 166 Naval Electronics and
Naval Weapons Technician students undergoing training at Canadian Forces
Base (CFB) Halifax, Nova Scotia and CFB Esquimalt, British Columbia, during
the first day of their PAQC training. A supplementary questionnaire.
designed to obtain information on the students' mathematics background,
was also administered. Pearson product-moment correlations were computed
between each CAT subtest score and the total of these two tests, and the
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results of the PAQC mathematics examinations and final overall course
results. As well, grades obtained on mathematics examinations administered
at the end of Semester I of the TQ5 course were correlated with CAT scores
and PAQC results. Results in Table 1 Indicate that the CAT is a valid
predictor of success on PAQC and TQ training. Since the CAT predicts PAQC
success, and since the PAQC predicts Semester I success, it was concluded
that the PAQC could reasonably be eliminated in favour of CAT-testing.

Table 1

Inter-Correlations of CAT Scores,
PAQC and Semester I Performance Measures

PAQC PAQC Semester I
CA Total Math Grade Math

Comp .76 .94 .75 .65 .50

CA - .93 ,.71 .61 .62

Total - .78 .69 .61

PAQC Math - .90 .70

PAQC Grade - .75

Notes: Sample sizes vary from 56 to 166 due to missing data.
All correlations are significant at the .001 level.

Reported Mathematics Education Versus CAT Scores

The correlation between grade equivalents measured by the CAT and
grades levels reported on the supplementary questionnaire was low
(r-.34). Tnis correlation was calculated in several ways, controlling for
other variables which might have affected performance such as academic
upgrading since enrolment, use of the CAL Laboratory, academic stream
(university preparatory or general/terminal), and type of program
(ousiness/ commercial, technical/vocational, or academic), This
correlation was never higher than .40. Undoubtedly, other factors are
involved, such as variability in inter-provincial standards (Ellis &
Amyot, 1984), number of matnematics courses taken, and the interval
between school leaving and CAT-testing. This points out the unreliability
of grade levels reported at Recruiting Centres (even if accurate reporting
is assumed) and the problems associated with using these as selection
standards. To illustrate, several examinees reported a pre-testing
mathematics education of grade nine or less, but their CAT grade
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equivalents were in the grade twelve range. Similarly, several examinees
who reported post-secondary mathematics at the time of enrolment scored
less than grade nine equivalent on the CAT.

Diagnosis Versus Selection

G.ven the validity of the CAT for predicting success on PAQC and TQ
training, the problem became one of when and how to use the CAT, since the
primary purpose of the PAQC is screening, not teaching. One propoal was
to use the CAT as a means of selecting recruits for Naval technician
trades, by administering them during processing at CF Recruiting Centres.
However, this was considered problematic for three reasons:

a. knowledge/proficiency measured at the time of enrolment can
easily have deteriorated by the time the sailor reaches the
point where he will proceed on the advanced training, which may
be as long as three years later;

b. opportunities and programs exist for sailors deficient in
mathematics to upgrade these skills between enrolment and
commencement of advanced training; and,

c. testing time at Recruiting Centres is a major consideration,
and the computation subtest alone requires at least
twenty-eight minutes to administer.

Tnis still left open the possibility of using the CAT at some point after
enrolment to identify those students wno are weak in mathematics. It was
thought that the CAT might be administered, for example, during the
preceding TQ course to identify potential failures on semester training,
at which point d compulsory remedial program could be scheduled for these
individuals.

Computer Assisted Learning Laboratory

Clearly, the existing Computer Assisted Learning (CAL) Laboratory,
could be utilized to deliver the remedial program. The CAL Laboratory
uses computer assisted instruction and a course authoring system developed
jointly by the Ontario Institute for Studies in Education (OISE) (Gershman
& Sakamoto, 1982) and Honeywell information Systems (Honeywell, 1983)
which can be conducted on many kinds of minicomputers. This particular
system has been used successfully by 55 licencees in ten countries,
including the Training and Development Branch of the Internal Revenue
Service, Austin, Texas, who report a 60% reduction in training time
compared to previous methods, thereby saving thousands of hours of student
time with corresponding cost savings. There is a large collection of
fully-validated courseware available including prerequisite, technical and
academic mathematics. Most of the courses are tutorial in nature,
intended to individualize instruction by diagnosing skill deficiencies and
providing lessons as required. Techniques such as random test item
generation, immediate answer analysis and feedback, and performance-
dependent routing through- a hierarchical structure of objectives, are
used. Sea trials of the system (Shipboard Mathematical Refresher Training
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(SMART)) have been conducted aboard a destroyer using a microcomputer.
Te CAL Laboratory is also used to provide computer-based instruction on
advanced ilarine Eagineering training. However, as previously noted,
articipation 1in tne remedial aspect of the CAL Laborato-,, ass been on a
voluntary basis.

Integration of CAT-Testing with CAL

CAT-testing is clearly a cost-effective alternative as a screening

device, and has several additional advantages. The first is that it
provides the potential to identify much more precisely the level and the
specific s~ili/knovledge deficiencies of the TQ5 candidate than is
possible with tie PAQC. Second, it is simpler to assess a large number of
candidates at various times and locations using a one hour test than it is
to conduct a three-week course. This means that all TQ5 candidates cen be
assessed when and where they are available and at a point in time where an
effective remedial program can be put in place. There is a considerable
investment on the part of the CF and the individual during the years
between enrolment and TQ5 training. The aim, therefore, should be to

capitalize on this investment by bringing students to a point where they
can succeed on this demanding, lengthy and expensive training. CAT-testing
cannot, therefore, merely be substituted for the PAQC. There must be
provision for remediation. While the CAL Laboratory has the potential to
satisfy this requirement, it must be part of a coordinated program to be
effective and efficient. The integration of CAT-testing and the CAL
Laboratory should prepare students to pass the academic portions of TQ5
courses.
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Causes of Performance in
Alr Force Initial Skills Training

Francis D. Harding and Michael Mumford
Advanced Research Resources Organization

Joseph L. Weeks
Air Force Human Resources Laboratory

This paper reviews a study in which a system for assessing the impact of
aptitude requirement adjustments on Air Force Initial skills training was
developed (Mumford, Weeks, Harding & Fleishman, 1985). As a result of the
modeling process that was carrIed out, Insights were gained into the Initial
skills training process to show how student attributes and course content
variables Interact to affect +raining outcomes.

In a previous but related research effort, the Air Force has developed an
index of occupational learning d'fficulty defined as the time required to
learn to satisfactorily perform the tasks required In an occupation.
Subsequently, it has been suggested that the Air Force manpower allocation
system might be improved If the Occupational Learning Difficulty Index was
used as a frame of reference in establishing aptitude minimums. However, an
analysis by Weeks (1984) indicated that the realignment of aptitude minimums
in accordance with occupational learning difficulty would lead to marked
shifts in aptitude minimums for several specialties. Thus, the concern for
more definitive information about the possible impact of sh!fts in aptitude
requirements before Instituting such changes was expressed by Air Force
managers.

MethoL

In reviewing the relationship between cognitive abilities and training
outcomes, It became apparent that the effects of aptitude on training
outcomes could be captured only by considering In addition to aptitude a
variety of other student attributes as well as the potential interaction of
aptitude and related variables with the training processes associated with
particular training courses. Thus, it uas decided that a multivariate path
analysis approach would be the most appropriate means capable of incor-
porating a variety of student inputs, course content, and outcome variables.

The first step in The multivariate modeling effort was to define the
major outcomes of initial skills training courses along with the student
input and course content variables most likely to influence these outcomes.
Also, at this time an attempt was made to identify potential measures of
these variables and to identify any biases or lirritations that might affect
the general application of these measures. To obtain information needed to
identify the potential variables, a series of structured Interviews was
conducted at several Air Force technical training centers. At each site
variables indicative of the quality of student training performance; student
Input and traing content variables that might influence training performance;
probable relationships between course content and student input variables;
potential measures of student input, course content, and training outcome
variables; potential sources and biases in these measures. As a result of
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these meetings 7 student Input, 16 course content, and 7 outcome variables
were Identified. The variables and their measures are shown In Table 1.

Table I

knpv of Varlables and Raptures

outcm VarialelsMesr
Quellty Of Stua"Is Perforance Avrg of omll lock %il

SI Tas umber of hour& of peclel Indlvldml

assistance ISIA)
Acedmic Counseling Number of eedmlc omunsel ing sessions
Nnacaemc Counseling limber of soscedoemc coumseling

sessions
retralning lmber of how*O of refraining
Academic Attrition Ellmination fr ecadmic reesons
Nonacademic Attrition ElIminatlon fop mo1ecadeic reasons

Stuentl Inpti varialeis
Aplsr Vmlb S an "iector aptitue Inxde of

ASVAB
Roodlng Level Total were on te Air Force Raeding

AbIlities Test
ACn1esic Motivetle? Nmber of difficult coursel taken
Simple Interest Runeved gumeled specislty
Preference Interests Nalived preferred specla ty
Educational Level Highest eduestionel lei eve lained
Educational Properatlon Recommended high school course

prerequlsites taken
A"eYeare from birth

Course Content Variables
Course Lergth Total Iinstructional loor Is ourse
Day Length Length of academic day
Stsde ntfculty Ratlon Number of students pr itecher
Instructor O llty Average of Instructor performance

evalu tio s
Instructor Experience Avor*gl months of Instructor experience
Use of Aids Number of Instructional 1ids dlvlded by

mourse longh
tnds-on Instruction flors at hands-on Imstruction divided

by mourse length
mount of Feedback Number of evaluation@ dlvlagd by course

length
mount of Practice Course length divided by number of Its

units
lenillmeOnt Bonus Ave Iolebility of selective reenlistment

bonus
Yearly Flan Number of students trained Yearly
Occupetional Difficulty Overll Ilerning difficulty of

occupetionl task)
Reeding Difficulty heeding grede level of ~se mteriils
Abstract Knowledge Ratings of abstract knowledge required

In mourse
Diversity lmber of units In. corse
Expected Atrltlon RAe Expected attrition rate

Selection of courses to be Included In the study was based on several
criteria which reflected the pragmatic motivations underlying the study.
Among the selection guidelines were that the courses should be representa-
tive of all Air Force Initial skills courses; the four aptitude areas should
be represented, there should be adequate variance In the minimum aptitude
levels required for entry into the courseshi h post courses and courses
with high student flow we o to be chosen. ine saspl i T o ra noes was CoSen
to Include all who had entered the courses In the most recent six months

468

'0''2



with a minimum of 50 students for each course. These procedures resulted in
a tolal of 5,970 students In 48 courses. Thirty-eight of the courses and
5,081 of the students were used in the model development sample with the
remaining courses and students held cross-validation sample.

Procedure

Once data collection and coding had been accomplished, pre:imlnary
data analyses were conducted In which It was assumed that all course content
variables could be applied to all students In each course and that students
with missing data for a variable would be omitted only from analyses which
involved that variable. Descriptive statistics and bivariate correlations
among all variables were obtained. This Information provided a framework for
reviewing the Initial conceptual model and constructing a hypothetical model
interrelating the student Input, course content, and training outcome
variables. This hypothetical model was used to generate the path specifica-
tions to be employed in a LISREL V analysis of the correlations obtained in
the model development sample. The goodness of fit test and residual term
generated by the LISREL V analysis were used to assess the extent to which
the hypothetical model provided an adequate description of the interrelation-
ships among the variables In the model. The multiple Rs generated by the
model against each of the dependent variables were obtained along with the
standardized path and regression coefficients generated in optimizing the fit
between the hypothetical model and the observed correlation matrix. The
regression and path coefficients provide a basis for assessing the causal
impact of the student input and course content variables on training out-
comes.

Results

Inspection of the bivarlate correlations among all the variables which
have import for understanding the causes of performance disclosed some
interesting findings about Air Force initial skills trailing. First, the
two i nterest measures produced a weak pattern of relationships which were
hard to interpret so these measures were dropped from further analysis.
The remeinding student Input variables, such as aptitude and student motive-
tion, displayed positive relationships of about .50 and correlations with
achievement test grades of between .20 and .35, Among the training outcome
variables it was found that assessed quality of performance had negative
relationships with the othe- training outcomes as would be expected given the
impact of performance on counselling retraining and attrition. It was also
found that counselling and attrition had weak relationships with student
Input and course content variables while assessed quality of performance and
SIA time displayed moderate relationships with the Input and course vari-
ables. This suggests that the effects of student and course attributes on
outcomes are moderated through assessed quality of performance and SIA time.

Among the course content variables, instructor quality, Instructor
experience, amount of feedback, and course length were positively related to
assessed quality of performance. Negative relationships with quality of
performance were found for length of the academic day, student faculty
ratio, student flow, and amount of practice.

Interpretation of the relationships amonq the course content varlables
led to the conclusion that occupational di ficulty, manpower requirements
and course subject matter difficulty were the prime determinants of the
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nature of the training course. While occupational difficulty could be
measured directly, manpower requiremlents and course subject matter diffi-
culty represent latent veriables that were defined through observed
variables. As might be expected, manpower requirements were best defined by
yearly flow, while course diversity, expected attrition rate, reading
difficulty, and abstract knowledge requirements defined subject matter
difficulty.

After the hypothetical model was refined on the basis of the obtained
Intercorrelations from the model development sample It was analyzed by
LISREL V and found to provide an excellent fit to the observed relationships
among the student Input, course content, and training outcome variables
within the model development sample as Indicated by a goodness of fit Index
of .59 and residual of .19 that were obtained. A multiple R, training
outcomes, and the prediclive power of the model is shown by the .75 was
obtained assessed quality of performance. Multiple correlation coeffi-
cients of .60 and .50 were obtained against academic and non-academically
counselling respectively while retraining time, academic attrition and
non-academic attrition produced Rs of .76, .83, and .59 respectively. The
weakest prediction of an outcome variable was for SIA time which yielded an
R of .35.

The standardized path coefficients generated by the LISREL V program are
presented In Figure 1. In interpreting this schematic diagram of the model,
the first of the three arrows entering the course parameter variables, e.g.,
course length, day length, student faculty ratio, etc., represents the
effect of subject matter difficulty, the second arrow reprosents the effect
of occupational difficulty, while the third arrow represents manpower
requirements. Of the two arrows leaving the course parameter boxes, the
first shows Its impact on assessed quality of performance, the second on SIA
time.

Inspection of the schematic diagram of the model Indicates that the
student input variables produced sizeable causal paths against assessed
quality of performance: .16, .16, and .14 for aptitude, reading level, and
academic motivation respectively. This suggests that other student input
variables In addition to aptitude are prime determinants of training perfor-
mance. Also, it should be noted that the prime course content variables,
e.g., subject matter difficulty, occupational difficulty, and manpower
requirements had negative effects on quality of student performance (-.08,
-.13, -.10) respectively.

Assessed quality of student performance had substantial effects on all
relevant training outcomes. Quality of performance had sizeable paths
against academic counseling (-.20) and nonacademic counseling (-.23).
Academic counseling In turn had a positive effect on academic attrition
(.22) and on retraining (.3A). These results show that counseling moderates
the relationship between performance in training and subsequent outcomes
such as retraining and elimination. This is one of the more Interesting
findings generated by the model, that is, the manner In which aptitude, or
for that matter any student Input variable, influences training outcomes.
Aptitude and other student Inputs have a strong direct causal Impact on the
assessed quality of student performance. However, the model Indicates that
student Inputs do not have any direct effect on the more distal training
outcomes such as academic attrition, nonacademic attrition, and retraining.
Rather, student Inputs affect the assessed quality of student performance
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which in turn effects either academic counseling or nonacademic counseling.
The fundamental importance of academic and nonacademic counseling in deter-
mining distal training outcomes is an Important finding because it indicates
that, regardless of the quality of student inputs or any manipulations made
to them, whether an Individual is eliminated from training or retrained is
ultimately in the hands of course instructors. Given the fundamental impor-
tance of instructors' counseling decisions in determining retraining and
attrition, it appears that more attention should be given to this process in
future research efforts, and that both academic and nonacademic counseling
should be considered major training outcomes. That retraining Is an antece-
dent of academic attrition is shown by the path of .25. Thus, high re-
training time appears to be an antecedent of attrition. Another interesting
linding is that subject matter difficulty had a stronger causal effect (.16)
on SIA time than did quality of performance (-.07). This suggests that poor
performance might have some effect on SIA time, but that the difficulty of
the course material appears to be the prime determinant.

While at first glance, the path coefficients obtained for many of the
variables may seem low and appear to be lacking in effective predictive
power, the sizes of the Rs geiierated by the model and the stable predictions
generated in the cross validation courses shows that the model provides
unusually effective predictions of training outcomes. The relatively low
magnitude of the individual path coefficients really in effect confirms the
Initial premise of the study that technical training is o highly complex
process which can only be described by a variety of student input, course
content, and training outcome variables. While this is not an especially
unusual conclusion, it suggests that optimal descripton and prediction of
the training process can never be attained ',ITPUt employing multivariate
techniques capable of taking into account this complex web of interrelation-
ships.
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AN EXAME]KATON OF THE $ICKMICANC OF
IlO*-PAMtTCIPATION INl FIMLD SMOIJ $

Earl H. Potter III
Department of Economics and Management

U. S, Coast Guard Academy

Non-return of survey Instruments is a problem that plagues all social sci-
entists, In the analysis of returned surveys researchers generally try to
demonstrate that there are no relevant differences between respondants and
non-respondants. Most often this determination is made upon the basis of
demographic data available to the researchers, Much other data that would be
relevant and for which there could be differences Is usually not available.
This paper examines the personality differences between military participants
and non-participants in three voluntary studies which required the keeping of
event records over a six-week period.

Over the last several decades researchers have conducted numerous investi-
gations to improve our understanding of the consequences for research validi-
ty of non-random attrition in field studies. Such investigations are usually
limited by the non-availability of data on non-respondants, but significant
differences have been found between subjects and non-respondants who can not
be located for telephone interviews (Weaver, Holmes and Glenn, 1975), people
who do not return mailed questionnaires (Macek and Miles, 1975) and persons
likely to volunteer for experimental studies (Rosenthal and Rosnow, 1969).
While the research literature is full of market research studies which ex-
amine non-return of questionnaires and the characteristics of volunteers,
little work has been done on the characteristics of subjects who drop out of
studies or renege on commitments to participate. Silverman (1964) has found
that "no-shows" who had agreed to participate in a psychological experiment
were higher in self esteem than were participants. Wrightsman (1966) repor-
ted that "no-shows" scored lower in social responsibility than did partici-
pants. Rosenthal and Rosnow (1969) concluded in a review of volunteerism
that "no-shows" are similar to non-volunteers in nature and tend to differ
from volunteers in several important respects. Most importantly, they noted
that those conditions which support volunteering are exactly those which lead
to subjects who had volunteered becoming "no-shows",

This is a significant point in considering research in the military under
conditions where subjects are told that participation is voluntary, but hear
that announcement from an official spokesperson in the chain of command. As
researchers we hope that the suggestion that this is an official duty will en-
courage participation--dealing with non-participation is troublesome. But...
subjects in fact have the right to withdraw. The past research suggests that
these conditions may favor the selective withdrawal of certain subjects.
This paper examines selective withdrawal in three studies at the U, S. Coast
Guard Academy.
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METHOD

SUBJECTS. The U. S. Coast Guard is the smallest of the U. S. Service Acade-
mies. Though less well known than West Point or Annapolis, the Coast Guard
Acadeuy functions much the same and in fact exchanges students with the other
4cademies regularly. Cadets enter the Academy at the beginning of the summer
preceding their freshman year. The training that takes place during the sum-
mer is conducted chiefly by cadets (the Cadre) about to enter their own jun-
ior year. This periol, called "Swab Summer", is, among other things, inten-
ded to be stressful and has changed little since Dornbusch (1955) used the
Coast Guard Academy as a model for military socialization. During the re-
mainder of a cadet's freshman year, the cadet is supervised closely and fol-
lows a strict academic, athletic and military regimen. While academic grades
are given much as they are at any college, cadets are also rated for military
career suitability by their peers.

STUDY DESIGN. Study I was planned as a field experiment in which one treat-
ment group would receive a manipulation intended to focus a cadet's attention
on his own ability to meet and deal successfully with the challenge of Swab
Summer. A second treatment group received an additional manipulation inten-
ded to increase support networks within the platoon. It was hypothesized
that subjects in the treatment groups would see the Swab Summer experience as
being more manageable and less stressful and report themselves to be more
ready to meet the challenges of the fall semester than a control group. Fur-
thermore, it was hypothesized that the support network treataent would result
in an increase in the quality and number of social supports.

Study II was intended as a replication of Study I. Study Ill was de-
signed to follow up on the unexpected outcomes of Studies I and II, In Study
III the nature of the coping skills treatment was reversed in order to assess
the impact of a different instructional set upon perceptions of stress and
performance.

PERSONALITY MEASURES. The Edwards Personal Preference Schedule (EPPS) was
one of the personality measures. The EPPS is a forced choice inventory with
items halonced for social desirability. The fifteen factors include achieve-
nent, affiliation, dominance and agression which have fairly clear associa-
ticar as well is intraception, exhibition and order which generally are less
fEmiliar. Thp second scale was the California Personality Inventory (CPI).
The CPI was designed to tap personality constructs with broad social rele-
vance which favor the positive side of human nature, The eighteen subscales
fall into four groups--measures of: (a) poise and self-assurance, (b) so-
cialization and responsibility, (c) achievement potential and intellectual
efficiency, and (d) interest modes. The third scale was the 16PF which was
developed with normal and clinical groups. The sixteen independent factors
of the scale are described with bipolar adjective sets in current handbooks,
although, early in the development of the 16PF it was noted for the colorful,
if obscure, factor labels chosen by the author. These factors include factor
k (reserved vs warmhearted), Factor E (humble vs assertive), Factor L (trust-
ing vs suspicious), Factor Q4 (relaxed vs tense). The three scales were ad-
ministered to the entire entering classes early in their respective "Swab
"Summers". In general, their profiles paralleled those of high school or col-
lege students with some notable similarities to military reference groups.
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PARTICIPATION. The dependent variable is participation defined in Studies I
and I1 as completing a stress diary for three of the six weeks of the study
and in Study III as keeping a record of positive events for six of the six
weeks of the study.

STUD! I

SUBJECTS. The subjects of Study I were the 351 cadets sworn into the Class
of 1984 during the first week of July, 1980. Of these cadets 311 were men
and 40 were women ranging in age from 17 to 21 with the majority (236) being
18 at the time of their entry. The subjects upon entry were randomly as-
signed by the Coast Guard Academy to one of nine platoons. The one exception
to this procedure was that all the cadets who were band members were assigned
to the same platoon. Since this fact resulted in the one platoon being sys-
tematically different both in composition and with respect to its program for
SWAB summer, the band platoon was eliminated from this study as well as Stu-
dies 11 and III. The remaining eight platoons were randomly designated as be-
longing to Treatment A, Treatment B or Control groups. Platoons 1, 6 and 7
were assigned to Treatment A. During the summer program 12 of the original
117 cadets in Treatment A resigned. Dropping these cadets from the study re-
sulted in Treatment A being comprised of 105 cadets in three separate pla-
toons. Fifteen cadets resigned from the total of 114 cadets who started in
Platoons 2, 4 and 8 which were designated as Treatment B leaving 99 cadets in
Treatment B. Two platoons, with a total of 75 cadets completed the summer
program in the Control group.

RESULTS. In Study I only four subjects in the social support network treat-
ment and no subjects in the non-support treatment completed stress diaries
for six weeks., Thirty-nine subjects met the participation criteria of three
weeks. Participants were contrasted with non-participants using a T-test on
the 16PF, CPI and EPPS. Of all the possible differences, only three emerged.
On the 16PF participants appeared to be more conscientious (6.9 vs 6.2,
p(.05) and more intelligent (6.9 vs 6.3, p<.05). On the CPI participants reg-
istered a lesser degree of flexibility (7.4 vs 9.0, p<.Ol) which Gough (1975)
interprets as meaning that these subjects tend to be industrious, methodicai,
and responsive to authority.

STUDY II

Study It was conducted in part as an effort to improve the participation
rate. The study was the same in all respects except that the experimenters in-
creased their follow-up efforts by maintaining much closer contact with com-
pany officers and cadre than in the previous year. Despite these efforts,
support for the study among company officers ahd cadre varied widely. Some
responded to increased contact with more support for this study, some de-
veloped a vested interest in their own cadets' participation and supervised
more closely than requested or desired and others flatly refused to encourage
the participation of their cadet subordinates. What is noteworthy about this
variability, and at the same time not unusual, was that command policy was
supportive of, although not enthusiastic about, the study. Hence, all the
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company officers and members of the cadre were publicly supportive and public-
ly committed to encouraging but not pressuring cadets to particicipate. The

variability occurred in private statements and in behaviors contrary to pub-

lic positions. Thus, while the experimenters in their introduction attempted
to provide a more supportive and a less pressured introduction to the study,

staff follow-up resulted in more pressure which probably contributed to a

higher participation rate and, some cadets perceiving that the study was com-

pulsory and not at all voluntary. This feature of Study II probably Is com-

mon to most "voluntary" participation in officially sanctioned studies, but

is clearly undesirable.

SUBJECTS. Study II was conducted during the summer of 1981 utilizing the 396

cadets of the Class of 1985 as subjects. Of these cadets 331 were men and 65

were women. They were divided into nine platoons one of which, the band pla-

toon, was ommitted from the study. Treatment A, the non-meeting group, was

comprised of three platoons totalling 133 cadets, 14 of whom resigned before

the end of SWAB summer. The non-meeting group included therefore, 119 ca-

dets. Treatment B, the meeting group was comprised of three platoons total-

ling 141 cadets of whom 15 resigned without completing the summer training
program. The meeting group, therefore, included 126 cadets, A control group
of two platoons with 85 cadets received no treatment as in Study I. Ages of

the cadets were typical of cadet classes ranging from 17 to 21 with 61.6% be-
ing 18.

RESULTS. As in Study I, cadets in the meeting group did not appear to keep
their committment to meet regularly in small groups. As did cadets in the
ition-meeting group, they discussed the study with friends of their own choos-

ing. They seemed to form no significant bonds as a result of the randomly

generated meeting groups. Given the tremendous pressure on cadet time it
turned out to be next to impossible to get cadets to take the time to do some-
thing that was not natural when the experimenters could not require or even

closely monitor compliance. These further findings support the determination
made in Study I to consider participation in both Treatment A and Treatment B
as members of one treatment group. In Study II, 91 (out of a possible 245)

cadets participated for three or more weeks of the study.

PARTICIPANT VS NON-PARTICIPANT DIFFERENCES. Given the greater participation

rate and the perhaps different dynamics of Study II, one would not necessari-

ly expect participants to differ from non-participants in the same fashion as

in Study I. Both participants and non-participants rank above the normative
means on the CPI's scales for dominance, capacity for status, and social pres-

ence. Non-participants, however, are characterized by a greater degree of

dominance (3.9 vs 31.6, p<.O01), greater capacity for status (20.5 vs 19.4,
p<.05), and greater social presence (39.5 vs 37.7, p<.05). Non-participants

are, therefore, more independent, self-seeking and less patient and deliber-

ate. On the EPPS, non-participants appear as more dominant (34.0 vs 24.3,
p<.O) and less verbally aggressive (12.8 vs 14.2, p<.05). The overall pic-

ture of the non-participants in contrast to the participants is that they are
less likely to accept direction from outside, and more likely to invest them-

selves in demonstrating their independence. As Brehm (1966) would suggest,

they are more likely to resist further imposition on their freedom by refus-

ing to participate when the cost to their advancement is low.

476



STUDY II

OVERVIEW. Study III was conducted in the same fashion as Studies I and II
with the one critical differance being that subjects were instructed to keep
daily records of the gocd things that happened to them instead of stressful
events. Since this task was both less demanding and more pleasant, participa-
tion for the minimua period was expected to be greater. Also, for the same
reasons a greater degree of participation was considered essential. While
the recording of one stressful event required writing a paragraph and took
some thought, reporting that the cadet received a letter could be done in
three words with little thought. By changing the structure of the treatment,
therefore, the criterion for participation was also altered. A second conse-
quence of the change in the treatment was that officer and cadet leadership
could more easily encourage participation. Nevertheless, variability was
still evident ranging from the exertion of too much pressure to less than en-
thusiastic follow-up.

SUBJECTS. Study III was conducted during the summer of 1982. Owing to a
change in the Coast Guard requirements for Academy graduates the Class of
1986 which entered during that summer was considerably smaller than previous
classes. A total of 250 cadets including 206 men and 44 women were sworn in
during the first week of July.. These cadets were randomly assigned to six
platoons one of which,, the band platoon, was omitted from the study. Two pla-
toons totalling 87 people were designated as controls who received no treat-
ment instructions. One platoon of 41 persons was assigned to Treatment A,
the non-meeting group. Of these, 7 persons resigned before the end of the
summer leaving 34 in Treatment A. Two platoons totalling 81 persons were as-
signed to Treatment B, the meeting group, Ages ranged from 17 to 21 with the
majority being 18.

RESULTS. Participation in general was much higher as expected. This fact is
due most likely to the much greater ease of completing the task. The entry
of one event, e.g. "got a letter" would classify a cadet as participant for
the week; yet, the real impact of participation might be much less. There-
fore, for Study III the participation level was set as six weeks for all sub-
jects. Defined in this manner, 27 of the 107 subjects were classified as par-
ticipants. This figure places the participation rate of Study III at 25% and
between the rate of Study 1 (19%) and Study II (37%). Once again cadets
failed to meet regularly in their small groups. This fact is evident in the
finding that social networks did not reflect the impact of assignment to
small groups, from discussions with cadets, and from follow-up reports that
groups seldom met. The sole virtue in attempting to get groups to meet for
each of these studies was comparability. In order to make sense of the nega-
tive results associated with random assignment to small groups, however, one
only has to recognize that cadets spend 24 hours per day working and livirg
in close association with a peer group. Unlike a large university or even a
small liberal arts college, the Coast Guard Academy spends a whole summer be-
fore the commencement of the Academic year building peer groups. It is appar-
ent that cadets considered the small group assignments as superfluous. The
majority reported a high degree of satisfaction with social supports (X-3.3
on a 7 point scale with 1 "high satisfaction with support received at the
Academy" and 23% reporting some dissatisfaction).
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PARTICIPANTS VS NON-PARTICIPANT DIFFERENCES. Participants in Study III were

characterized on the 16PF as being more conscientious (6.28 vs 5.24, p<.Ol)
and more forthright (4.16 vs 5.12, p<.05) than non-participants. On the EPPS
participants appeared to be higher in affiliation (18.74 vs 16.32, p<.05).
This profile, as does the profile of participation in Study I, represents par-
ticipants as more open and more likely to follow through on commitments.

DISCUSSION

It is clear that cadets who dropped out of these studies differ from ca-
dets who met the participation criterion in the studies. Participation rates

varied with the assigned task and with the energy with which follow-up ef-
forts were made. Participation also varied with personality such that par-
ticipants like tve volunteers studied by Rosenthal and Rosow were more compli-
ant than non-participants. The significance of these findings will vary with
the nature of the study. In these studies personality variables on which sub-
jects differ did not correlate with dependent variables. Were these studies
of job satisfaction, leadership, motivation or work habits non-participation
would not be so benign. In a military setting where subjects might feel com-
pelled to "volunteer" resistance to pressure might well be a systematic bias

to research results'
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ADVANCING SURVEY DESIGN THROUGH TECHNOLOGY

Linda M Doherty
Navy Personnel Research and Development Center

Recent development in computer capabilities and
communications are enabling attitudinal surveys to be designed,
developed, administered, and analyzed quickly and accurately.
The use of computerized survey systems should lead to improvements

in survey design, while at the same time providing policy makers
with timely and accurate information This paper describes the

components one such automated system, and outlines some important

survey research issues that may be addressed by using this
technology over traditional paper and pencil survey methods

Computer technology applied to surveys in the past has focused almost
exclusively on the statistical processing of data. While this is an

important component of the survey research process,, other components may
now be automated and integrated into a complete system. Recent

developments in computer capabilities have enabled the private sector to
design, develop,, administer and analyze surveys quickly in a broad range of

settings that include local and national elections, and consumer product
evaluation. Existing computer technology is sufficiently inexpensive so
that computers can communicate with remote terminals to efficiently collect

and analyze attitudinal information and integrate that information with

otner data bases Since computer administration of surveys is a relatively
new phenomenon, little research has been done comparing this method with
oiher data collection methods Also, survey design research issues more

easily studied with this method have not yet been identified.

This paper focuses on (1) describing the components of a computerized

survey system that should lead to improved survey design, and (2) defining
some of the research issues that may be addressed through such automated
data collection methods

Automated Survey System Components

Automated Survey Administration and Data Collection

The Navy Personnel Research and Development Center is developing an

automated survey system to assess the attitudes of the Navy civilian
workforce CENSUS (Computerized Executive Networking Survey System)

administers questionnaires and collects information using remote terminals
linked by phone lines to host computers The attitudinal information is

then integrated with existing personnel data bases and statistically

analyzed

Besides the efficiency of administering surveys via computer, the

technology has other implications for survey deaign. First, the "demand"
characteristics of the computer terminal are such that it is almost

impossible to leave items blank, or provide more answers than requested
Second, since branching and individually tailored questions are easily

presented, it is possible to study different versions of a survey upon

individuals, and vary format characteristics,, etc. Third, the survey

format may be used to provide feedback to participants to increase the
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accuracy and reliability of the information provided, and to present
results from previous surveys. Feedback could include specific instructions
about how to interact with the computer and complete the questionnaire, and
provide positive and negative comments contingent on the quality of the
responses

Sampling Strategy

The sampling process may be made more efficient by computerizing the
strategy used to extract samples from the population,, permitting policy
makers to select subsamples of interest,, yet ensuring an approprsate mix of
participants. The computer program will be structured so that an updated
population data base may be maintained and monitored, enabling
representative replacement participants to be selected efficiently In
addition, results from secondary subgroup analyses on the data base should
well represent the population of interest While the sampling strategy
itself cannot directly influence the number of survey respondents,, the
computer terminal used to administer the surveys is interesting and
involves the participants in the task. This should increase the likelihood
that the identified sample will agree to respond to the survey

Data Analysis

The automated survey system allows results to be computed more
quickly and in greater depth than by transferring paper and pencil
responses to computer, since the questionnaire is already in the
appropriate format for data analysis. By automating the data collection and
statistical analysis phases, data entry errors will be avoided The faster
the results are reported, the more timely and credible they will be, and,
hence,, more likely to be accepted and utilized by policy makers Also,,
answers will be integrated into longitudinal data bases, where secondary
analyses may be conducted with relative ease. Branching characteristics of
the data collection methods will create hierarchically ordered data
Statistical methods need to be developed to aralyze these type of data, and
further advances in application of statistical and computational methods
should occur as a result of the need to analyze longitudinal,
hierarchically ordered data

Computerized Authoring System

A computerized authoring system for survey development will be an
interactive software program that provides a manager untrained in
questionnaire design with a prompting retrieval, and feedback system to
produce reliable and useful surveys. As methods for developing questions
become more precise, and as data banks of questions and responses are
established, it is possible to develop an authoring system that can prompt
managers to develop questionnaires independently and interactively. The
authoring system will consist of two components . a menu-driven control
system that includes an editor and format specifier, and a data base that
includes survey data from previous questionnaire administrations and
standardized questionnaires The authoring system will improve
questionnire design in general, and will enable the development of
questionnaires from an a priori knowledge and theory building perspective
Thus, the quality of surveys should improve,, as well as their
applicability.
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Feedback Systems to Policy Makers

The expected outcomes of automated surveys are results that are
improved in quality and timeliness. By automating reports of the results,
policy makers should be able to utilize the findings more quickly.
Communication should improve by using the technology of presentation and
communication methods These feedback methods would include improved
information displays such as the enhanced use of graphics (Fienberg, 1979
Also, a true feedback system will be established where policy makers become
involved in developing questionnaires through the computerized authoring
system and accessing the data base, interactively, through easy to use
menu-driven computer programs. By evaluating the needs and questions of
policy makers,, more effective feedback that provides input to future survey
designs is the final component in the automated survey system

Research Issues
Response Effects

Most sources of variation in the quality of survey responses may be
attributed to what Orne (1969) originally referred to as the "demand
characteristics of the situation." Bradburn (1983) stated that " the
characteristics of the task are the major source of response effects and
are, in general, much larger than effects due to interviewer or respondent
characteristics." (p 291). Studies of the task characteristics in
traditional paper and pencil questionnaires indicate there are few
differen-es in the variability or quality of responses for different
methods of presentation for all types of questions (Sudman and Bradburn,
1974) Use of the computer provides the survey developer with the ability
to study these effects systematically

Sensitive questions. Collecting responses to sensitive questions may
be one area where method of presentation is important. In this area,
computerized administration can make a considerable contribution by
improving the number and quality of responses obtained. Respondents may
perceive that completing a survey on an automated system is more anonymous
than other methods, and, hence, they may be more willing to disclose
personal and sensitive information One method previously tested to
increase anonymity, and believed to increase honesty, is the randomized
response technique (Warner,, 1965), which requires the respondent to use
randomization to determine whether a scnsitive question or an innocuous one
is to be answered Simple probability calculations then give an estimate
of the nunber in the sample who agreed with the sensitive question, without
knowledge of which respondents did so. This technique was found to
increase reports of socially undesirable behavior and, perhaps, honesty
Some evidence indicates that respondents may answer electronic surveys with
more extreme,, thus, less socially desirable answers than they answer paper
and pencil surveys (Kiesler and Sproull, 1985; Kiesler, et al , 1985).

Questionnaire format. Considerable work has been done to study the
effects of task variables such as questionnaire format, wording,, and
length, with conclusions that these effects are too complex to make
definitive statements (Sudman and Bradburn, 1980). Schuman and Presser
(1981) found little relation between measures of attitude strength and
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propensity to be influenced by question form. However, they did find that

the context in which a question is asked - the ordering of questions, the
inclusion of other questions and the arrangement of the questionnaire can

produce response effects. The implications for studying response effects

uJing an automated system is that it provides the flexibility to vary the
form of the questionnaire, its length, wording, level of branching or
contingency questions within a single questionnaire or among
questionnaires. The Census bureau is testing one automated system, CATI

(Computer Assisted Telephone Interviewing) system, where interviewers
interact with a computer to make contact with respondents by telephone, and

ask them branching, in-depth questions that are recorded immediately into
the computer (Nicholls, 1983) With the flexibility in question
presentation permitted by automated survey systems and sophisticated
sampling plans, it is possible to design experiments that will elicit the
specific characteristics of questionnaires to which respondents are most
sensitive, and how those characteristics affect their answers

Response sets and memory Characteristics of respondents, or response
sets,, may influence answers to questions in a way that has nothing to do
with the question being asked Some research indicates (Bradourn et al

1979) that response sets may not be respondents attempting to present a
socially desirable image, but may reflect more stable personality
characteristics or different life experiences. By exploiting the branching
capabilities of the computer, it may be possible to discriminate between

response sets and real differences in attitudes

The effects of memory operate on responses because respondents forget
uhat they have previously answered, or they telescope time and report
events happening more recently than they actually occurred With a

longitudinal panel design for data collection and an automated survey
system, the effects of memory may be tested. Previous responses and
information about respondents may be resident in the survey software
programs and used as memory aids when asking follow-on information Also,
updated information may be simply compared to previous responses.

Measurement Issues

One major issue in measurement theory focuses on the number of
multiple items or indices required to adequately measure a psychological
construct versus the number of questions that are reasonable to include in
a survey of limited time (Anderson,, et al , 1983) Advantages of a
branching, computerized system are that the questions and response scales

could be tailored to individuals, probing one issue in depth if
appropriate Scales could be utilized that would be sensitive to capture
differences in individual ' attitudes and then using the flexibility ot the

system, adapt questions and scales to more precisely measure individuals

attitudes In this way a number of items would be used to assess a

construct, but the number and type of questions and scales could vary

Scaling technioues Another implication for the data collection

technology is the ability to more easily use complex scaling techniques to

assess attitudes While many of these techniques provide researchers with

additional information,, some of the shortcomings are that they are too

cumbersome and time consuming (Anderson et al , 1983) For example,
application of nonmetric multidimensional scaling techniques are
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advantageous in the level of measurement required (ordinal) and output
provided (dimensional plots), but the paired comparison method of data
collection takes too much time and is uninteresting to the participant
With an interactive computer system, the data collection time could be
reduced as additional data is requested only if other information is needed
to construct an adequate perceptual map of the items

Measurement models. A second major area in measurement that will be
influenced by the applicability of technology to collect and analyze data
is the use of more sophisticated measurement models. While methods to
combine items to uncover a psychological construct are not new, development
of these in the field of attitude measurement is. One technique, latent
structure analysis is being developed in attitude measurement, and may
provide a way to measure attitude types (Reiser, 1981) The use of the
broad set of multivariate techniques (models) should also increase The
appropriate use of factor analysis is one such important technique in
describing attitudes.

Social Indicators

Automated ; -veys provide the ability to collect vast amounts of data
rapidly and maintain large longitudinal data bases The growth of these
data bases should stimulate the growth of statistical and computation
methods to analyze these specialized hierarchically ordered data bases,
created because of the branching characteristics of automated data
collection In particular, the type and quality of the data should
stimulate innovative methods of analyses by disciplines other than social
science Causal models that combine attitudinal and economic variables to
describe behavior for individual subgroups of the samples should be one
area that is stimulated by the accumulation of large data bases

The second outcome of developing longitudinal data beses may be the
improvement of experimental designs to evaluate the effects of policies By
integrating innovative experimental designs with survey research
methodology, social indicators of the behavior of the military and civilian
workforce may be developed Collecting longitudinal,, panel data in an
efficient manner permits the establishment of baseline data and the ability
to measure the long term effects of policy changes Improvements to the
design of experiments testing policy changes and the associated complicated
sampling plans for collecting survey data may be the result of the
implementation of automated surveys

Conclusions
Automated survey systems will have a positive impact on survey design,

and its methodological problems Through computer technology, surveys
will be able to be developed, administered, and analyzed more efficiently,
providing high quality results to policy makers. Automated surveys can
also substantially increase the amount of available data for subsequent
analyses One of the challenges will be to develop the analytic and
statistical tools to evaluate the data, and to develop behavioral models
using attitudinal and other, traditionally collected demographic variables
What is needed is the transfer of methodologies across academic disciplines
to actively address the problems encountered in implementating automated
survey systems
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IMPLEMENTATION OF A CIVILIAN AUTOMATED SURVFY SYSTEM

FRANK L. RIPKIN
STEVE CECIL

OFFICE OF THE CHIEF OF NAVAL OPERATIONS

CIVILIAN PERSONNEL POLICY DIVISION
ARLINGTON ANNEX

WASHINGTON, D.r. 20350

CENSUS -- The Computer ized Executive Net ork na Survey System i s

being developed by the Navy Personnel Research and Development

Center to address both an immediate operational need as well as

to serve as a basis for new technology for automated ',urveys.

This paper will be concerned with the concepts underlyinq the

development of CENSUS and its potential application as a tool for

policy development for the Navy.

The Department of the Navy has approximately 350 thousand (-ivil

service employees located worldwide, working in some 450

different occupations. With a work force of this magnitude.

civilian policy makers require a considerable amount of

information and data to formulate policies which ranqv from

procedures and regulations concerning the h,rin of employees to

piolicie, onveynlna their retirement syatem. The t 'blprs f'C inn

the policy maker ic, derivinq information of both a factual (work

foyce demoqraphics. trends in retention. Pt
I 
) oid -n atliiilir 01

nature in oeder to make nossible proactive r-th-' than reactiv e

policy decisions. Compounding the nj obth-m i . the requirement

that policy be developed in a timely manner; we often have very

little time to aae.s and tesuond to Pol , v n-ot),o t] - ,re,,'ntd

to the Navy by irh external , qenciexCS a, the Office of ,n me t

3nd Budret or the Office of Perorine MniO ment

[ r,_into this as a backgrouid we ni nli1y h,-vv two -1 ternative for

mtntt policy decisions which impact on employees, their oii)iiilo,

and attitudes:,

(1) Tne Quick Fix - - Providing for a gut or knee

jerk reaction pertaining to employee attitudes

coupled with an estimate of the demographic

impact on the work force.

(2) The Steady Course - - Through this method we

take the time, six to eighteen months normally, ,o u

to develop quality survey inatrument.o which

address the issues in a straiqht-forward and 0

accurate manner, identify i proper ,amplinq thot1

reflects the affected population and, conduct a .4

thoroiuh .,kiyvev and analvsI
,  of the wo k for, (-'-

at titudes toward a o ivei, I i ry o[ r r'ol ic yO

proposal. We then con'le this to'vs-ment of

att it ude atid opiniton with Inf ormat ion dtail tn
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work force demographic changes actually observed

or modelled.

On reflection these two possible plans both offer a viable meons

for development of policy. The Quick Fix while fast, may result

in a less than desirable outcome because a thorouah driilv-', wA.s

not completed. The Steady Course on the other h.dnd, offer; zi

s'okird basis for pol icy devel opment dec isions. vet. byv the II '

the decsison isformulated the issue has often been s ettled h~v ark

outside party (more than likely using the Quick Fix arporoach)

Thus the genesis of CENSUS - - Utilize advances in the techolocly

of surve y development . -mpl i no tprhi, i oet-. tte c omllii .3

and computer analysis to reduce the time necessary to a ,certairi

employe'. attitudes withoit sacrificing the accuracyv of tio Oie,,Iv

Course and while still qaininoi much of the -,peed of the Quick

Fix. Joining these advances with those already beiiiis mciii hy

Navy in the area of Personnel data collection and analysis

through the Navy Civilian Personnel Data System (NCPDS) and Humani

Reso.rce Modelling. Navy Personnel policy makers will have a

strong developmental tool.

The development of CENSUS has three objectives-,

(I) General Objective: Develop a quick reaction

automattii survey 5ystemi In suppot t of Per sonnel
policy development.

(2) Techiiiolc.qlcal Ohicict Ive: Develop
sophisticated samplinq plans.

Investigate the relationship betweeii res ponsie

effects and qutr lio)Odire/b~urvev designr

Explore alternative suYvey preveiteiticis.

Dlveloin icau.is mooel.- for col icdt i~i in io I ,v

siia 1

Develop ,computer ,kidi ouvi io v I f-r i,t

,3kv C'r I"t i'anrde kei in the rlvectrprf.(irt of skin I ey

in~tri~mrenita.

(3) Operational Objective: Assess the

feasibility of collecting large samples of

variables through an automa~ted ruivvy network.

Integrat ion of up-to-date information onl the

attitudes and opinions of Navy employees with

the information being obtained In advanced Nav y

data and model 1 ing systems.
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g. , -

Development of longitudinal data bases to assess
the long term impact of policies and the changes
in employee attitudes over time.

CENSUS DEVELOPMENT

The development of the Computerized Executive Networking Survey
System began in 1983 when the Office of the Chief of Naval
Operations, CIvilan Personnel Policy Division tasked the Navy
Personnel Research and Development Center to develop -a ouick
reaction survey system along the lines of the Harris or Gallup
polls. The lead researcher on the CENSUS prole(:t is DP I.,nda
Doherty (please see a telated paper elsewhere in th'% d.,lciment).
The pro)ect is to be developed in fieve taqes

(I) Initial system- tezt

(2) West Coast pilot implementation

(3) East Coast pilot. implementation

(4) Nat icriwid eXi)dribOn

(5) Implementation and ongoing research

The initial system and pilot tests for CENSUS were conducted in
November 1984 and April 1985, in San Diego, California and in
Washington, D.C., in August 1985. Approximately 1000 Navy
employees have participated representing !n excess of 30 Navy
activities with usable results applicable to both the San De,go
and Washington areas.

SYSTEM DESIGN

The system components consisted of IBM PC AT & XT': with
specially modified software, allowing -, imut I ,.,'.
partricipants aid present-st inn of the ,ur vev. The survev- wet
presented to the part ic i ndnt d s by mr'n n' n1 Nto'I(h "i r ' i iom

DisplayPhone which served as both the telecommuni-atiins and

terminal device. The mv i, , , omputer S ',e' vi(o o, ho,t I ,Io

computers during all tests. A mini computer was utitlied a,, a

secondairy host during tho init i I o l em I t Th, We, i .I ,," Ii

Coast test sites were e-t a l i hed it r ( I- , t t the

r -l ability, speed, and utility of the ho t eatlin ritnri , wel1 1 t.

the logistics of etabl I h ing renional ou., vev c, , tet - I order
to make the survey test as real as potsihI actual a.irvJev- w re
developed by the staffs of NPRDC atd thiz Office.

A unique aspect of the CENSUS surveys is that by presenting the
survey via the computer and terminal we are able to eliminate two

of the major drawbacks of a paper and pencil survey. One being
the collection of background or demographic data on participants
at the time of survey administration. All demoqraphic data on
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sampled employees Is maintained at tlw ,e sit,' with thk,
participant's response5 linked by use of 1hel. 'lori;1 ,- o ii tv
Account Number which is obtained durina the samul inc ni-o- ePs and
verified durino survey administration. Tb, i pevdf the ,ur vev
administration as well as allows analysis of responses keyed to a
large amount of demographic data, some of which may be added
after the survey has been administered. This is something which
Is not normally possible In a paper and pencil su'-vey, arid can be
a strong tool for analysis when twists and turns in policy
development require additional or unanticipated information be
supplied to the functional manager.

The second benefit of the computer aided survey process is the
application of branching In the survey design. By making the
process of branching transparent to the participant CENSUS has
eliminated the standard and frustrating, ' if your answer is yes
plea~se proceed to question number 34.' We -ml icri-.ie- tV,: t he
use of branching will make sophisticated survey de,,icn a toittie
matter in CENSU13 arid also allow immediite fpedhark of in~i'i,'tin
to participants possible cluririq ,urvey .admiil,tr.- tion

ASSESS;'MENT

The issue5 under review during the system and n lot te-,- we re
the equipment andi how well it would furo n t ion , t he "f IWiV
of.- a t I on 5 W11IhiA Q allo mitI t Iol r)I 'c. to, thle ho,,t (_,moit r W)i
stoyet, tht, surveyf v n the fterminal opeiratior, ovi 111t o f

ustrie log i-At s of s'tabl ivhifct the -,it r ve v neftwor k. atid thet
att itude,. of the part ic.iront r. Additrional conoe'Ctr ,V vve t he
actual survey development procesi and the utility of survey
results for policy development.

These tests have proven to be very satisfactory. The results
showed the reliability of the IBM PC AT/XT as a host computer.
It was determined, however, that even though the PC proved to be
reliable, a back-up computer would be required in future
sessions. The mini computer functioned adequately yet due to ts
age and mechanical condition did not provt to be a-, reliable as
the micro. It was decided that further tests of a mini computei
as a host would be delayed until a later ddtp. The 'oftwoire
functioned as planned, though results oif the latet Aiirv'v r, l Iot -
have shown improvements in file handling are, requited befit'o full
implhmenitationi would he possible.

The main c-oncern from these system anid inilo!ti woe tho
extensive looi -tics and-ituo f Yon t, work r-oitii P Ii f Tab! i-bh
zurvey site. Th.- lioea kort .. , intrj iv,. ,-- , ni, II
contacts withi a:t ivitle5 atid t u-i tIc itlant- t,, be ,ilitt i'ie

during and after the survey. We )nt i i teat i, d I - h
implementat in, plan can take thii into <-on-ideraitlf in ju thiv
reduce the mannower and I ois n-ivolveil. Tie jo lieu 1 i( - ie I,
of manpower and Iloni ist i (, reau ir f.met, will coo t i nue to he
.idre insedi,,u fuitt ure p)iIot,. ire uid u(t ted.
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The imost encouraoino ottcore trom our n-rnopctive was the ea-P of

the total CEN13US p'~ocess. The par ticinants found the survey easy
to take, the branchinc: o quesitionir , which i-s t litorarerit 1i) 1 he
user, added significantly to the user acceptance. The aeneral
response of the user was one of enthusiasm.

The fonct lonal manaqtrs have touinil th.it lt, 'peel o t Ie veI orimeuIt
and thi dmelork r I)f soe c I I cl rdta mo'de tvalli thl e t I t he III t-tr
exceeds prey ino suorvey processes Follow, no the. .aii,, v e , i, the
test surveys, dlata were presented to functional wsti,ao-rf for
evaluation as a tool for policy development. The results of thte
survey, while valid only for the area in which the te~t took
place, contained enough specificity and information to rival
previous paper and pencil surveys. As stated earlier previous
surveys of this nature have taken 6 to 18 months to produce and
analyze. Each of these tests took less than 3 months to develop.
conduct and analyze. We anticipate that after full
implemettation of the system, CENSUS will be able to reduce the
time for survey development and administrat ion even further.

The functional managers also found the use of electronic mail
between NPRDC and this Office durino the seconil West Coast =IId
toe Fat Coast p ilotIs to b e extrpmly b .ef I II III iili'
development of the siurvey instrulment

From analys-es , niduct ed bv NPRDC ,nd is 0 f 1e ?hnt .)- I
system ind pilot te,,te were dpterminedl to he ,Iomriete sucies
Further development of t he CENS11S prooram wil 1 . I I n tit uv'l
concentratino now 011 systpm Improvement s- Nsgvv-widP
Implemenitation ol,,nni,. ,nd 'Iiinuir- rise'( ribl tin lit 1 ,.
survey development arid 311-1yri',

fluest ion. conrlrninco the dev-l oornant tind nti'. i 'Ni
ma y be dirc'tel to My Steve Ce.il. ENSUS Proiwct i,i.ti.Mr
Cecil may be reached at the above dddret,5 or by , a1li1rnc. (702)
694-5762 or autovan 224-5762.
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The Utility of Educational and Biographical Information
for Predicting Military Attrition

Barry J. Riegelhaupt
Thomas P. Bonczar

Human Resources Research Organization

An examnation of discriminating item responses can
tell a great deal about what kinds of employees remain
on a job and what kinds do not, what kinds sell much
insurance and what kinds sell little, or what kinds are
promoted slowly and what kinds are promoted rapidly. In-
sights obtained in this fashion may serve anyone from the
initial interviewer to the manager who formulates per-
sonnel policy. (Owens, 1976, p. 612)

Compelling evidence demonstrates tnat, when appropriate procedures are
followed, the accuracy of biographical data as predictors of future work
behavior may be superior to any known alternative (Cascio, 1982). Biographi-
cal inventories have been developed for a diversity of occupations, from
unskilled and clerical workers to research scientists and Army officers. By
far, the must commonly used criterion for developing, validating and cross-
validating these inventories has been attrition.

The role that biographical information can play in predicting attrition,
as well as job performance, both costly problems for the Military Services,
has been recognized by the Department of Defense. The Office of the
Assistant Secretary of Defense (Force Management and Personnel) as part of a
study to validate and improve current education and moral enlistment stand-
ards, awarded a contract to the Human Resources Research Organization
(HumRRO) to develop the Educational and Biographical Information Survey
(EBIS). Analyses relating EBIS responses to military performance are
continuing under a contract sponsored by the Office of Naval Research. The
long-range objective of this research is to help the Services identify
potentially successful nongraduates and refine selection among high school
graduates.

EBIS Composition

EBIS items can be classified into nine constructs, theoretically related
to military performance. Demographic items address type of area in which one
grew up, family income, and parents' education. Education achievement
variables deal with years of education, school grades, and type of education
credential. School behavior/attitude items concern school activities,
disciplinary incidents, reasons for thinking about quitting school, and so

This research was performed under contract to the Office of the
Assistant Secretary of Defense (Force Management and Personnel ) and the
Office of Naval Research. The views and opinions expressed in this paper are
those of the authors and should not be taken as official DoD policy.
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on. Family relations items deal with attitude toward oarental discipline,
presence of each parent in the home, and parent stability (e.g., incidence of
alcoholism, parent's arrest, etc.). Length of longest full- and part-time
Job and all the reasons the respondent ever quit a job are included in the
work history category. Status variables are subject characteristics such as
sex, year of birth, and kind of high school attended. Arrest-related items
deal with traffic, misdemeanor, and felony arrests and convictions.
Alcohol/drug use items deal with both frequency and age of onset for use of
these substances. !linor Misbehaviors deal with youthful behaviors such as
smoking or running awa from home, which are not illegal, but might be
construed as midly negative.

EBIS Administration

The EBIS was administered to approximately 75,000 military applicants
and recruits in the Spring of 1983. Applicants took the EBIS along with the
Armed Services Vocational Aptitude Battery (ASVAB) at a Military Entrance
Processing Station (MEPS) or associated test site. Recruits were given the
EBIS during in-processing at their Recruit Training Center (RTC). Individ-
uals who took the EBIS are being tracked through their first terms of
service, with an emphasis on identifying military suitability predictors
within education groups. Based on simple correlations between EBIS items and
attrition status, previous work indentified the 24 best EBIS items for
predicting six-month attrition among high school graduates and the best 24
items for nongraduates (Means & Laurence, 1984). Building on that earlier
effort, the present work describes the statistical weighting of EBIS items
based on 12-month attrition status to produce a total EBIS score, and scores
for each of the nine constructs. The utility of the EBIS for predicting 12-
month attrition is examined. Of the approximately 75,000 EBIS respondents,
only the 3,092 male nongraduates who took the EBIS as recruits were examined
in the present effort.

Research Design

In addition to nonattrition (stayers) and attrition (leaversl groups for
use in weighting biographical items to predict the criterion of 12-month
attrition status, nonattrition and attrition hold-out groups from the same
population are needed for evaluation of items and weights. Thus, in addition
to dividing the sample into stayers and leavers, these two groups were
further subdivided into weighting/selection and evaluation (hold-out)
groups. For the sample of 3,092, the design is shown below.

Criterion Group

Stayers Leavers Total

Weighting/Selection 1262 592 1854
Evaluation 842 396 1238
Total 2104 988 3092

Figyre 1. Allocation of Subjects for Weighting

and Evaluation
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Item Weighting and Selection

While a number of different techniques are available for statistically
weighting items (c.f. Owens, 1976), perhaps the simplest technique is the
Horizontal Percent Method. Cascio (1982) notes that as long as samples are
relatively large, this method yields results comparable to any of the more
sophisticated procedures. An example of how items were weighted is shown in
Figure 2. The frequency of respondents falling into each criterion group
(stayers vs. leavers), response category combinaticn was computed. Then,
after adjusting for differences in sample sizes in the two groups, for each
response category, (working horizontally) the percentage of cases in the
nonattrition (i.e., stayers) group was computed. This percentage became the
response category weight.

Freq. of Freq. of Total Percent
EBIS Item Stayers Leavers Number Stayers

13. Were you ever expelled
from school?

Yes 140 107 247 .38
No 1086 471 1557 .52

2-26- -7-

28. Frequency of
Physical Fights?

Niever 600 272 872 .52
Once or Twice 187 105 292 .47
Occasionally 30 23 53 .40
Fairly Often 12 15 27 .29

Figure 2. Horizontal Percent Method of Weighting EBIS Items

This approach to weighting has a number of advantages. It can be
applied, without modification, to all items regaroless of the number of
response options that exist for an item. Each option receives a weight.
This is of particular importance for the EBIS where the number of response
options range from two to thirteen across the 119 items. Since this approach
does not require that all items have an equal number of opt'ons, it is not
necessary to artifically dichotomize, for instance, all items for the sake of
consistency in format. Finally, the computation of weights yields
information relevant to the determination of i em quality (i.e., response
frequencies).

Thus, after the weighting algorithm had been applied to'the weighting
sample, response option weights and frequencies were examined for purposes of
eliminating poor items. A poor item was defined as one that either did not
discriminate stayers from leavers (i.e., response choices had weights around
.50) or had little variance (i.e., greater than 85 percent of the respondents
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selected one response option). The distribution of items retained for
further analyses is shown in Table 1. As can be seen, the Demographic,
Status, and Arrest Related scales were deleted.

Table 1

Distrlbgtion of Itm Types Represented on the EliS and
Retained for Validatio Against Attrition

EBIS Scale Item Retained % Retained

Demographic S 0 0
Education Achieve ent 14 7 50
School Behavor/Atttudaes 32 16 50
Family Relations 13 2 15
lork itstory 5 29
Status Variables 4 0 0
Arrest Related 0 0
Alcohol/Drug Use 12 A 33
Minor Mlsbehaviors 6 4 67

Total 119 38 32

EBIS Scoring

Having selected 38 discriminating items, the next step was to compute an
EBIS score for each individual in the item weighting/selection sample. The
score an individual received for an item was the weight associated with the
response option selected. For example, referring to Figure 2, if the
respondent was expelled from school, a .38 would be the score for that item.
If the individual fairly often engaged in physical fights, a .29 would be
that individual's score for that item. A total scale score was computed for
each individual by summing the response weights across the 38 items. In a
similar fashion, individual scale scores were also computed.

Comparison of Stayers and Leavers

Following the computation of EBIS scores for individuals in the item
weighting sample, stayers and leavers were compared on the total EBIS scale
as well as the six factors that were retained. The results are presented in
Table 2.

As can be seen, stayers and leavers had significantly different scores
on the total EBIS scale, as well as five of the six factors. Only for Minor
Misbehaviors was the mean difference not statistically significant, although
it was in the expected direction. These results show that those who remain
in the Military Services have different pre-enlistment experiences than those
who leave, thus demonstrating the usefulness of a biographical inventory.
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Table 2

Comarison of Stayers and Leavers in
the Item leighting/Selection Saple

Stayer$sa Leavers
b

Ellis Scale Mean SD Mean SD t-value

Total 18.408 1.058 18.136 1.30S 4.78-

Education Achievement 3.409 .422 3.334 .454 3.29"
Shool Behavior/Attitudes 7.897 .353 7.812 .401 4.55*
Family Relations .979 .114 .965 .127 2.49*
Work History 2.513 .055 2.502 .056 3.97*
Alcohol/Drug Use 1.431 .242 1.398 .262 2.56*
Minor Misbehaviors 1.784 .309 1.763 .329 1.34

In 1262
bn . 592

*P (.05.

These results should be interpreted with caution, however. Since these
comparisons were performed on the same individuals that were used to weight
and select the items, observed differences between stayers and leavers may
not reflect true differences, but rather chance fluctuations. The applica-
tion of the 38 items with their corresponding weights to an independent
sample might yield substantially different results from those obtained using
the item weighting/selection sample. Thus, the next step was to evaluate the
utility of the EBIS in the hold-out sample.

Comparison of Stayers and Leavers in Hold-Out Sample

As in the previous sample, item weights were applied to individuals in
the hold-out sample and ZBIS scores were derived. Once again, stayers and
leavers were compared on a total EBIS score and on the six factor scores.
The results are presented in Table 3. As can be seen, the EBIS total score,
as wyell as the Education Achievement, School Behavior/Attitudes, and

Table 3

Comarison of Stayers and Leavers in
the Evaluation (Hold-out) Sample

Stayersa Leversb

1IS Scale Mean So Mean So t-value

Total 18.384 1.029 18.195 1.266 2.79*

Education Acnevement 3.410 .370 3.351 .474 3.36"
Chool enavior/Attitudes 7.390 .329 7.i2l .:95 3.22'
Firly Relations .976 .i21 .962 .133 1.32
-orx istory 2.11 .56 2.509 .357 (1
,ICono1'0ruj jse 1.440 .211 1.108 .272 2.22*
flnor Hisbehaviors 1.768 .330 1.786 .308 <1

an 3 042
n 396
*7 .05.
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Alcohol/Drug Use scales yielded significantly different mean scores for
stayers and leavers. The significant differences that were found on the
Family Relations and Work History scales in the weighting sample, were not
found in the hold-out sample. As in the weighting sample, scores on the
Minor Misbehaviors factor did not differ when comparing stayers and leavers
in the hold-out sample.

Conclusions

The data in this report demonstrate the utility of blodata for predict-

ing attrition for nongraduate male recruits. Specifically, items dealing
with School Behavior and Attitudes, Education Achievement, and Alcohol and
Drug Use all showed significant relationships with attrition. While statis-
tically significant, mean scale differences between stayers and leavers were
relatively small. The conclusion, however, that these significant findings
are of little practical value is unwarranted. As scaled, item weights can
range from 0.0 to 1.0. A value of .50 reflects a nondiscriminating item
response. As values move closer to 0.0 or 1.0, the response becomes a better
discriminator. It is rare, however, to find response choices with sufficient
numbers of respondents with weights approaching 0.0 or 1.0. If such items
existed, they would likely be more predictive of attrition than most entire
biodata scales. No such items exist on the EBIS. Typically, response
choices within items differed by .10 or less. Thus, sunning across items for
stayers and leavers, produces rel'tively small mean differences. However,
very small standard deviations also resulted, which contributed to the signi-
ficant relationships found in the hold-out sample. It is the finding of
significance in a hold-out sample that is the true test of an instrument's
usefulness. The EBIS passed this test. Thus, biodata items, such as those
found on the EBIS, may allow the Services to enlist nongraduates who have a
better chance of fulfilling their enlistment obligation.

Next Steps

Future work will look at military applicants' EBIS scores to determine
and adjust for the restriction of range that might exist in the sample
examined in this paper. Additionally, EBIS cut off scores will be set and
the amount of improvement in predicting attrition attributable to biodata
will be examined,
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THREE VARIABLES THAT MAY INFLUENCE THE VALIDITY OF BIODATA

Clinton B. Walker
U.S. Army Research Institute for the Behavioral and Social Sciences

This research examines the effect on predictive validity of traditional
procedures for developing and implementing suitability screens In the military.
For this paper, suitability screens in the form of background questionnaires,
or biodata, will be considered. Typically, predictor tryouts have been run on
new recruits whose subsequent performance has been tracked for the first six
months of service (Atwater & Abrahams, 1983; Walker, 1985). Iten, selection and
keying have then been based on the observed relation between predictor data and
the criterion of successful service (versus discharge for bad causes). In the
case of the U.S. Army's Military Applicant Profile (MAP), the instruments and
keys have been implemented no less than two and a half years after the tryouts.

There is reason to suspect that three aspects of this traditional sequence
- viz., testing recruits rather than applicants, tracking the cases for only
six months, and implementing long after pilot testing - adversely affect
operational validities. Since recruits and applicants are likely to differ in
their desire to make themselves look good on self-report measures, applicants
could be expected to try more than recruits to earn high scores. As a result,
scoring keys that are developed on data from recruits may be less valid for
scoring responses of applicants. In support of this hypothesis, Means and
Helsey (1985) have found more self-serving responses in data from applicants
than from recruits.

The hypothesis that using only a six-month tenure for tracking
success/attrition lowers validities is based on the following two premises.
First, more than half of attritions occur after the initial six months
(Goodstadt & Yedlin, 1980; Hicks, 1981; Walker, 1985), Second, attrition
during the first six months may not occur for the same reasons as later
attrition. In the first six months recruits make their initial adjustment to
military life while undergoing entry-level training; after that they are
serving with operational units. Unfortunately, the archival codes for types of
attrition are too cryptic (e.g., "Trainee Discharge Program," "Unsuitable
Unknown," "In Lieu of Court Martial") to indicate whether earlier and later
attrition are qualitatively different phenomena. But if they are, then using a
longer than traditional criterion period for developing scoring keys might
produce different keys.

A long lag time before implementing scoring keys is suspect because
characteristics of the applicant pool change over time. Once the predictor
data are collected for developing a biodata instrument, they may obsolesce as
the criterion ripens, If the nature of the applicant pool changes much, then a
scoring key may lose validity before it is ever used for screening, and
continue to lose validity after implementation.

iThanks go to Elizabeth P. Smith for advice on programming and to Winnie Young
for creating the dataset on applicants in FY 81/82 from the Project A Longitu-
dinal Research Database. The views in this paper are those of the author
and do not necessarily reflect the official positions or policies of the U.S.
Army Research Institute or Department of the Army.
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The present research uses data from the MAP to test the effects of each of
these variables. Responses to a common set of items by contemporaneous
applicants and recruits are compared to test the effect of examinees' status.
Then, various statisti,s are examined over the course of years to test the
effect of time lapse on the keys' validity. Finally, the effect of duration of
the criterion period is tested by comparing the predictor responses of ex-
aminees who were discharged within and beyond the first six months of service.
Each of those issues is treated in turn below in a separate section,

Applicants Versus Recruits
Method

To keep from confounding the effects of examinees' status with those of
date of testing (i.e., temporal drift), it is necessary to compare contemp-
oraneous applicants and recruits. Two such comparisons are available in the
MAP data. First, MAP scores of 2,374 non-graduate applicants during FY 82 were
compared with those of 1,286 non-graduate recruits who were tested in February-
June, 1982, These recruits were the non-graduate subset of a sample of 9,603
cases on whom new instruments were being developed (Erwin, 1985) Out of the
240 items in that research, 38 were chosen for use here according to these two
criteria: they had to be on the operational form of MAP, so the applicants
would have taken them, and they must have shown validity for non-graduates in
the developmental research. These 38 were the universe of items that met both
criteria. The key for scoring had been developed on all 9,603 cases, Here the
comparison was a t-test on the total score, 0 to 71 being the possible range.

Data for the second comparison overlap in part with the previous ones. In
the developmental work of 1982, the item pool was administered to a sample of
applicants at 39 Military Entrance Processing Stations (MEPS) nationwide and to
recruits at all seven Army Reception Stations. Out of those groups, a respec-
tive 949 and 9,603 examinees of all levels of education, age, and gender were
retained for analysis. Retention was based solely on the availability of
individuals' criterion data in central personnel files. In the applicant
sample, 267 cases retook the instrument later as members of the recruit sample.
Presumably the presence of those cases reduces the between-group differences,
thus biasing any test against finding differences.

The vehicle for this second comparison was two 101-item forms of MAP which
were developed on the 9,603 recruits. These forms each had 78 unique items and
23 items in common, yielding possible scores of I to 188 on one and 0 to 194 on
tne other. Mean MAP scores and validities against the six-month tenure
criterion were compared in the applicants and recruits.

Results

Descriptive statistics for the non-graduate applicants in FY 82 and the
recruits in the 1982 development sample are included in Table 1. The observed
difference in means of 10.9 points is significant (t = 52.9; p < .001) and the
effect is strong (omega square = .43). Data for applicants and recruits in the
1982 developmental project are summarized in Table 2. Applicants' total scores
were higher by 2.81 points on Form 1 and 2.1 points on Form 2. These dif-
ferences gave t's of 5.62 and 3.96 (p < .01 in each case). However, here the
strength of effect was less than 1% for each form. For both forms, the
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Sbserved validities were higher for recruits than for applicants. The dif-
"ence between correlation coefficients for independent groups (Guilford &
1uchter, 1973) was computed on the validities for each form. The observed z's

of 2.51 and 1.59 had one-tailed probabilities of .006 and 056, respectively.

Table 1
Descriptive statistics for four samples of non-graduates"

Date of Status: Mean %
Logical role predictor Applic/ n r out of SD finish

data Recruit 0-71 6 mo
Develop key 1-6/82 Recr 1,286 .18 33.3 6.2 79

X-validation 10/81-9/82 Appl 2,374 .02 44.2 5.5 86
& 0 yr drift

1 yr drift i0/80-9/81 Appl 3,567 .07 44.2 5.2 86

2 yr drift 7/79-6/80 Appl 14,771 .01 28.3 5.6 86

4the "instrument" for these data was 38 items from MAP 4B which were keyed
on the total 1982 development sample of 9,603 cases and were also valid
for its non-graduate subsample

Table 2
Descriptive data for applicants and recruits In 1982 development sample

Form 1 Form 2

Status n Mean SD r Mean SD r

Applicants 9495 125.56 14.49 .24 123.72 15.54 .2?

Recruits 9,603b 122.75 16.64 .32 121.62 17.27 .32

bBoth samples include 267 cases who took the instrument a second time as

members of the recruit sample.

Discussion

Both sets of comparisons support the hypotheses that applicants get
significantly higher scores than recruits, even though both samples were
selected on the basis of operational MAP. Although the comparison of valid-
ities favors the hypothesis, that evidence is weakened by the fact that the
recruit simple was also the sample on which the scoring key was developed.
Nevertheless, the generalizabilIty of data from recruits to applicants is not
supported here.

Drift In Validity
Me thod

For examining possible loss of validity over time, a non-oeerational key
was used that had been developed on the 1982 recruit data. The criterion was



successful completion of the first six months of service (vs. discharge for

failures to adapt). The "instrument" consisted of the 38 items mentioned
earlier. Meeting the criteria of being on the operational form of MAP and
being validated on non-graduates, the items could be used to compare results

for non-graduates in different year groups who took MAP before entering the
service. Three samples of such applicants were available: 2,374 in FY 82,
3,567 in FY 81, and 14,771 in 7/79-6/80. Because the 1982 key was not cross-
validated by the developer, the 1982 applicants became a cross-validation
sample. Thus, their data were used to see how much validity there was to drift
in the first place. Validities in the form of Pearson rs, mean total scores
for the 38 items, arid success rates (i.e., percent of sa mple completing the
first six months of service) were compared over the four samples,

Results

Table 1 gives descriptive statistics for the recruits in 1982 and for
three samples of applicants. In contrast with the original value of .18,
validities for applicants in 1982, 1981, and 1979/80 were .02, .07, and .01, in
order. The key did not effectively discriminate between examinees who went on
to complete the first six months of service and those who did not: mean
differences In scores for those two criterion groups reached a maximum of .18
SD in the three samples. Means out of a possible 71 points ranged from 28.3 to
44.2 points in the four groups, while success rates varied from .79 to .86.
Using the 1982 applicants as a basis for contidence intervals on the means, we
find significant differences (p < .001) in both the 1979/80 apolicants and in the
1982 development sample. The normal approximation to the oinomial found the
development sample to have a significantly lower attrition rate than the 1982
applicants (z = 12.28; p < .001), all of whom had entered the Army.

Discussion

The low validity that was observed in the 1982 applicants amounts to a
failure of the (non-operational) 1982 key to cross-validate. Thus, there was
little if any original validity that could drift. Absent drift in validity,
however, there were significant jumps in both predictor and criterion scores
across samples. If changes occur in validity over time, they could be due to
gradual trends in the population of applicants, to short range instability in
the population, or to both. It is possible that similar variability could be
found in subsamples of the 1982 recruits. In order for the 1982 developmental
data to have any hope of producing a durable key, they would have to undergo a
legitimate cross-validation. Elizabeth P. Smith and I are now working on this
problem in-house at the Army Research Institute.

Six Months Versus Longer Tenure
Me thod

An operational form of MAP, Form 4B, gave the oata for this analysis. Its
60 multiple choice items were validated in 1977 on 2,280 male recruits who had
not completed high school (Frank & Erwin, 1978), In content, the questions
cover experiences In school, extracurricular activities, work history, and
expectations of life in the service, The present examinees were 2,564 17-year
old non-graduate males. They all took MAP as a pre-induction screen in Fiscal
Years 81/82, entered the Army, and then received adverse discharges in their
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first tour. For the first analysis, examinees were split into two groups,
those discharged within the first six months of service (n=860) and those with
longer tenures (5=363 days; n=1,704). For each of the 60-iteme, a chi-square
test of associatTon was run on frequencies of response for each alternative by
group. Cramer's V for the items was examined as well for estimates of strength
of effects. To judge the potential of response choices for keying, differences
between groups in rates of endorsing individual choices were examined in items
giving a significant groups-by-response choice chi square.

A second similar analysis was done to see whether the sensitivity of bio-
data items to individual differences in adaptability is masked by lumping
successful cases with those who receive bad discharges after six months. For
this analysis, chi-square tests were run twice on the total sample of 5,941
non-graduate applicants in FY 81/82. This sample included those who served
successfully. The sample was split differently for these runs: once as all
dischargees vs. all successful cases, and once as all discharges within six
months of entry vs, all other cases. Simple numbers of significant (p < .05)
chi squares and median p values from the two splits were compared.

Results

In the analysis of dischargees, 10 of the 60 group-by-response choice chi
square tests gave probabilities < .05. Of those, three had p's < .01.
Cramer's V for the ten items ranged from .056 to .085, while V's for seven
items with .05 < < .15 were also above .05. The median lev l of signifieance
for all 60 items was .30. In each of the ten items with the lowest p values,
the single response choice which had the greatest difference between groups in
rate of endo-sement was tallied. The median of those ten maximal differences
was 4.2% (range: 3.19 - 6.78%).

in the second analysis, 13 of the chi-squares on items gave p < .01 when
the positive criterion group included bad discharges after six months, In con-
trast, when the criteron groups are pure (i.e., all bad discharges vs. only the
successful cases), the sigrificant items rise to 25. Median p values under the
two conditions are .31 and .15, in order,

Discussion

The differences in response distributions are small for examinees who were
discharged before and after six months. Given that the significance of
chi-square is inflated by large sample sizes, and that the probability of Type
I errors is great in such a large set of significance tests, a finding of ten
items out of sixty with p < .05 is not large. Also, given the small values of
V for those ten items and the small between-group differences in response
frequencies, the data do not support keying the instrument separately for the
periods of initial and field service. As for causes of attrition, the very
similar distributions of predictor responses for the two groups L this dataset
do not imply that the reasons for early and late attrition differ.

Although the usefulness of keying long and short tenures differently is
not supported, the value of using a longer criterion tenure for key develop-
ment is. In the analyses here, almost twice as many items were sensitive to
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[real differences in success when the positive criterion group was purged of
later attritions. The practice of developing keys on six month success
seems here to undermine the validity of the predictor.

Conclusions

We now have evidence that traditional practices in developing biodata
may have major flaws, A system for countering these problems is easy to
conceive. Starting with a validated instrument, we could continually gather
predictor scores of applicants and criterion scores of accessions. Today's
selection measures would also be used as the predictor data for a later
generation of scoring key, which would be based also on the performance
measures. Updating of keys would then be ongoing rather than rare and ad hoc,
as it is now. With ongoing updating, keys would be available after a minimal
time lag and with appropriate generalizability (i.e., from applicants to
applicants). Of course, increasing the criterion tenure would increase the
time until new keys were available, but the best tradeoff between lag and
quality could be determined empirically. Although problems in operating a
biodata screen have been documented here, practical solutions are available.
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Use of Personal History Information

to Predict Naval Academy Disenrollment

Joyce D. Mattson
Norman M. Abrahams
Rebecca D. Hetter

Navy Personnel Research and Development Center
San Diego, California 92152-6800

Background

The Naval Academy has had great success in recent years in reducing its
attrition from an average of about 36% for the Classes of '73 through '78 to the
present rate of about 20%. Of the principal types of attrition -- academic and
motivational -- motivational represents the largest single cause at 11%.

In an effort to reduce this motivational attrition further, the Naval Acade-
my introduced an experimental background questionnaire initially developed in
1981. This instrument -- the Personal History Questionnaire (PHQ) -- is similar
in its structured item format to instruments which have been useful in private
industry for predi'cting such criteria as tenure, job performance, and creativity
(Asher, 1972: Chaney and Owens, 1964: Schuh, 1971)

The questionnaire was administered to incoming Academy plebes in 1981 and
1982 (Classes of '85 and '86) and refined after each administration. Refine-
ments were directed at (1) improving item format, (2) retaining items which
predicted attrition at the end of 1 year and (3) adding items suggested by the
attrition analysis and a literature review (see Metter and Neumann, in press).
The final version of the questionnaire contains 85 multiple choice items, 25 of
which were retained across all questionnaire revisions. The 85 items tap the
factor-analytically-derived constructs in Table 1.

Table 1
Factor-analytically-derived PHQ Item Categories

Number *
Category of ltems

Time management 6
Social romfort 6
Economic achievement orientation 7
Confidence in ability to handle military aspects of Academy 5
Degree of skill, participation in athletics 3
Persistence 6
Degree of financial self-support 4
Confidence in ability to handle academic aspects of Academy 3
Risk-taking propensity 5
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Firmness of career goals 3
Degree of enjoyment of adventurcus activities 3
Personal organization, self-discipline 4
Confidence that will manage life at the Academy well 3
Sociability S
Belief in ability to control own destiny 7
Amount of parental education 2
Amount of reading individual does 2
Style of upbringing 5
Importance of being in a position of authority 1
Strength of accomplishment needs I

* Several items were omitted from the analyses to prevent linear dependency.

Purpose

The purpose of this paper is to present the status of our research to date on
the use of the Personal History Questionnaire to predict voluntaly motivational
attrition. In particular, this includes (1) development and cross-validatlon of
an interim disenrollment scale using some of the plebe-based data collected for
questionnaire development and (2) comparison of applicant and plebe adminis-
trations of the questionnaire to determine whether this plebe-based scale's
validity would be likely to generalize to applicants

Scale Construction and Validation

The interim disenrollment scale was developed using majority male plebes
from che Class of '85 who had no prior military service and who completed the PHQ
during their first week of plebe summer. This subgroup contains most Academy
students but is homogeneous enough that important differences between attritees
and non-attritees should be apparent.

Using end of second year attrition information, the item responses of volun-
tary motivational attritees (N=108) were contrasted with the responses of
non-attritees (N=764). Sixteen response alternatives among the 25 items common
to all PHQ revisions showed an 8% or greater endorsement difference and were
scored on the scale.

The scale was then cross-validated on a dichotomous attrition criterion (vo-
luntary motivational attrition vs. non-attrition) using individuals from the
Classes of '86 and '87, who where also administered the PHQ as plebes Both
first- and second-year attrition information was available for the Class of '86,
but only first year attrition information for the Class of '87. All racial,
gender, and prior-service-experience subgroups were combined, since operational
predictions would be required for all types of applicants.

Table 2 shows the results of these cross-validity analyses --- the biserial
correlations of the disenrollment scale with cumulative voluntary motivational
attrition at different tenure points. Biserial correlations were computed under
the assumption that the attrition dichotomy actually reflects an underlying nor-
mally distributed continuum of motivation (McNemar, 1969).
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Table 2
Relationship of the Disenrollment Scale

to Cumulative Voluntary Motivational Attrition

Sample Sizes

Academy Attrition status VM* r
Class as of the end of: Total Non-attritees Attritees bis**'

'86 Plebe summer 1158 1125 33 .35
Year 1 Semester 1 1144 1071 73 .26
Year 1 Semester 2 1113 1032 81 .28
Second summer 1112 1028 84 .26
Year 2 Semester 1 1100 1004 96 .27
Year 2 Semester 2 1078 958 120 .26

'87 Plebe summer 1341 1281 60 .33
Year 1 Semester 1 1315 1208 107 .32
Year 1 Semester 2 1291 1166 126 26

*VM Voluntary motivational.
**Computed by contrasting VM attritees with non-attritees at each successive

tenure point.

The correlations in both the 'b6 and '87 classes are in the .26 to .35 range,
indicating reasonably good differentiation between motivational attritees and
non-attritees. While correlations computed on the Class of '86 may be inflated
by the use of '86 first-year attrition information in revising the PHQ, corre-
lations computed on the Class of '87, which have no such contaminant, are
remarkably similar

Assuming for a moment that validities derived on plebes could be generalized
to the selection situation, Table 3 suggests the level of improvement in the
prediction of voluntary motivational attrition which could result from adding
the PHQ scale to the currently used Candidate Multiple.

Table 3
Incremental Validity of the Disenrollment Scale
for Predicting Voluntary Motivational Attrition

Attrition status Candidate Candidate Multiple Plus
Year Group as of the end of: N Multiple r * Disenrollment Scale R *

his his

'86 First year 1109 .06 .28
Second year 1076 .12 .28

'87 First year 1288 .00 .26
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Based on these data, the validity against first- or second-year voluntary
motivational attrition could be increased substantially by the scale's use. Two
caveats are in order, however. First, these increases represent upper limits,
since in practice the Naval Academy would be unlikely to weight the disenroll-
ment scale as heavily as is reflected here. Second, even the maximum gain would
be slightly less if validities were corrected for range restriction.

Of interest, also, from an operational perspective, is the relationship of
the disenrollment scale to other criteria which the Academy attempts to predict
-- namely, military quality point ratio (MQPR), academic quality point ratio
(AQPR), and academic attrition.

Table 4 shows that the scale has a slight positive relationship to MQPR, and
no relationship to AQPR, suggesting that no deterioration in these performance
areas would be likely to result from the scale's use. The negative relationship
which is apparent with first-year academic attrition becomes slightly positive
over the longer perspective of two years, suggesting that the long-term academic
attrition rate would not be adversely affected by the scale's use, but that some
of the attrition might occur earlier than at present.

Table 4
Relationship of the Disenrollment Scale
to Academic Attrition, AQPR, and MQPR

Academy Attrition status *
Criterion Class as of the end of: N r

Military QPR '86 Year 1 Semester 1 1092 .05
Year 1 Semester 2 1066 08
Year 2 Semester 1 1021 .08
Year 2 Semester 2 992 08

'87 Year 1 Semester 1 1235 .04
Year I Semester 2 1187 .07

Academic QPR '86 Year 1 Semester 1 1092 .01
Year 1 Semester 2 1066 .03
Year 2 Semester 1 1021 01
Year 2 Semester 2 992 .01

'87 Year I Semester 1 1237 .01
Year I Semester 2 1187 01

Academic Attrition '86 Year 1 Semester 1 1083 - 20
Year 1 Semester 2 1064 -.00
Year 2 Semester 1 1043 .03
Year 2 Semester 2 1017 .05

'87 Year 1 Semester 1 1226 -.20
Year 1 Semester 2 1205 -.15

*Biserial correlations are used for the dichotomous attrition criterion;

Pearson product-moment correlations for the other continuous criteria.
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Generalizability of Validities to Applicants

To assess the likelihood that the disenrollment scale's promising validi-
ties would generalize to applicants, 1111 members of the Class of '88 who com-
pleted the PHQ as applicants were retested as plebes. If the two occasions
yielded similar disenrollment scale scores, a plebe-based scale would probably
retain its validity when applied to applicants; if the two occasions yielded
markedly different responses, the scale's validity for selection would be uncer-
tain.

Table 5 shows mean scores and applicant- plebe correlations on the disen-
rollment scale for the Class of '88.

Table 5
Heans, S.D.s, and Applicant-plebe Correlation for the
Class of '88 on the PHQ Disenrollment Scale (N=1111)

Sample Mean S.D r

Applicants 4 875 2.566 .52
Plebes 3.319 2.892

The applicant means are more than 1/2 standard deviation higher than the
plebe means, suggesting that applicants may slant their responses to increase
their chances of Academy selection. At the item level, this distortion is
apparent in the following representative itemi

Percent Selecting Alternative
-----------------------------

Item and Alternatives Applicants Plebes

I find myself putting things off until
the last minute-

A. Almost always 0 3
B. Often 10 25
C Sometimes, but not often 48 50
D. Rarely 37 20
E. Never 5 3

In addition to item response distortion, the rank-ordering of individuals on
the disenrollment scale also changes, as reflected in an applicant-plebe corre-
lation of only 52. Successively removing items with the lowest applicant-plebe
correlations from the scale improves this correlation by only 03.

These results indicate that individuals answer the PIIQ differently as appli-
cants than they do later as plebes and that validities based on plebes cannot
necessarily be assumed to generalize to a selection situation. Rather,
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plebe-derived scales must be validated on applicants or new applicant-based sca-
les must be constructed.

Summar

In summary, results of this research suggest that:

(1) The items of the Personal History Questionnaire, when completed
under low incentive to distort, can distinguish between individuals who leave
the Academy for voluntary motivational reasons and those who remain.

(2) Individuals complete the PHQ differently as applicants than they do
as plebes, in a way suggesting a tendency to slant applicant answers to increase
the chances of Academy selection.

(3) The amount of change varies for different individuals so that
applicant and plebe administrations yield different rank-orderings on the dis-
enrollment scale and validity results from p!cbes cannot be assumed to apply to
the selection situation.
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Intercorrelations of Biographical Information, Aptitude Test Scores
and Job Performance Ratings for 108 Occupations

Marvin H. Trattner
office of Personnel Management, Washington, D.C.

In this paper General Aptitude Test Battery (GATM) scores, age, amount
of both occupational experience and plant experience, employee sex, education
level and job performance ratings are intercorrelated for employees in 108
occupations.

The research was accomplished to serve the following purposes:

1. To calculate and summarize a large number of validity coefficients
for biographical variable and aptitude test predictors of job success.
Validity coefficients for biographical variables are generally not as plenti-
ful in the general literature as for paper and pencil tests. The Schmidt-
Hunter validity generalization procedure is applied to the validity coeffi-
cients in order to summarize them and correct them for known artifacts such
as criterion unreliability and predictor restriction-in-range.

2. To calculate the unique contribution to valid prediction of the
biographical variables.

3. To determine whether predictor validity is related to job complex-
ity level.

Background

USES GATB testing and validation progran. The United States BEployment
Service (USES) developed the GATB approximately 45 years ago tor selecting
and counseling applicants for vacancies filled by state employment services.
The state employment services generally fill vacancies in low level industrial
and clerical occupations. The GATB employs 12 subtests to measure the follow-
ing nine relatively independent abilities (Anastasi, 1982):

G - Intelligence Q - Clerical Perception
V - Verbal Aptitude K - Motor Coordination
N - Numerical Aptitude F - Finger Dexterity
S - Spatial Aptitude M - Manual Dexterity
P - Form Perception

Two and one-half hours are required to complete the GATB. The GATB
subtests were developed on the basis of factor analysis, the aim was to
employ subtests that intercorrelated only minimally except for the Intel-
ligence aptitude which is measured by the sum of three subtests also used in
part to measure Verbal, Numerical and Spatial aptitudes. The GATB tests
applicants for most occupations in the U.S. econumy hence it measures a very
wide range of ability. It is similar in this respect to the Armed Forces
Qualification Test.

The opinions expressed in this paper are those of the author, who is
solely responsible for the accuracy of the contents, and does not necessarily
reflect the views of the Office of Personnel Management.
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The USES has been conducting validity studies on the GATB since" its
development. The measure of job performance which served as the criterion in
these 108 studies were the summed ratings of job performance made by two
supervisors. All studies used the same standardized performance rating form.
Supervisors rated employees on 6 five-point scales. The scales were used to
evaluate employees on the quantity, quality and accuracy of their work, their
job knowledge, the variety of duties performed and also on overall job perform-
ance.

The data reported here were collected since the early seventies. Sub-
jects were cumulated across geographical locations by occupation. The average
number of cases per occupation was 222, a relatively large number when capar-
ed to the typical n employed in civilian validity studies. A concurrent
validity design was used. That is, current employees in the occupation were
used as subjects. The correlations obtained were assumed to apply also to
job applicants except there is known to be a restriction-in-range in predic-
tor scores which lowprs cbtained correlations and requires the use of a cor-
rection factor.

Schmidt-Hunter Validity Generalization Procedure (VGP). Schmidt and Hunter
(1977) developed a procedure for sumarizing validity coefficients for speci-
fic predictor/occupation categories. Previously no statistical procedure was
available to summarize and correct a group of validity coefficients for known
artifacts (such as sampling error, predictor restriction-in-range, and cri-
terion unreliability) in order to estimate both the mean true validity and
the standard deviation of the true validity coefficients. They and their
associates employed the V3P to demonstrate in a large number of recent studies
that predictor validities are generally much more consistent and of higher
magnitude than was previously thought.

The VGP is accomplished by performing the following calculations on
uncorrected validity coefficients obtained with a concurrent validity strategy.

I. Validity coefficients for a specific predictor/occupation combina-
tion are collected.

2. The mean true validity for the predictor/occupation is then calcu-
lated by first calculating the n weighted mean of the obtained validity
coefficients. This mean is then corrected for attenuation for mean estimated
criterion unreliability and also for mean estimated restriction-in-range in
the predictor. If no criterion reliability or predictor restriction-in-range
data are available for the validity studies at hand then hypothesized distri-
butions are employed.

3. The standard deviation of the true validity coefficients is calcu-
lated next. First, the n weighted standard deviation of the obtained vali-
dity coefficients is cal"culated. Then the following extraneous sources of
variance are subtracted from the variance of the obtained validity coeffi-
cients, the variance due to a) average sampling error b) differences in
studies due to specific predictor reliability, criterion unreliability, and

510



restriction-in-range in the predictor. The remaining variance is then cor-
rected upward by the same correction factor that was used to correct upWard
the mean obtained validity in order to estimate the mean true validity.

Additional considerations. A modification was required in the VGP for
this study because the same specific predictor and the same criterion rating
form was employed in every validity study in the data set. It was decided
since the only predictor for any predictor/occupation combination was the
specific GATB subtest that no predictor unreliability variance would be
removed from the obtained validity variance. The criterion rating form was
only one of many sources of criterion unreliability, consequently variance
across studies in validity due to differences in criterion unreliability was
removed from the obtained validity variance. For all predictors the standard
hypothesized predictor restriction-in-range distribution was employed to
correct the obtained coefficients. The mean selection ratio for this distri-
bution is .45. In the latter two cases, the standard validity generalization
procedure was followed.

The occupations included in the study carried Dictionary of Occupational
Titles (DOT) codes. The DOT codes contain no job complexity designation. A
job complexity score was needed since it has been frequently i -und that job
complexity moderates predictor validity. A job camplexity score was obtained
for the 108 occupations by summing scaled scores for estimates of required
mathematical development, language development and specific vocational prepa-
ration (U.S. Department of Labor, 1981). The complexity score suns for the
108 occupations ranged from scores of 4 to 16. Most of the occupations for

which data were available were low level clerical and industrial jobs. The
two occupations receiving the highest complexity score were Medical Technolo-
gist and Electronics Technician. Sane examples of occupations receiving the
lowest score were Hard Packager, Garment Folder, and Small Product Assembler.
The distribution of complexity level was positively skewed, most of the
occupations clustered at the lower complexity levels.

RESULTS AND DISCUSSION

There were individual score data for 23,917 employees in 108 occupa-
tions. Complete data were available for all subjects.

mean true validity for each predictor for all occupations combined. All
predictors (GATB test scores and biographical variables) and the criterion
score were intercorrelated separately for each occupation. The obtained
validity coefficients were then cambined for all occupations for each predic-
tor. The mean and the standard deviation of the distribution of obtained
validity coefficients was calculated for such predictor. The VGP was then
applied to the distribution of 108 obtained validity coefficients for each
predictor to calculate the mean true validity, the standard deviation of the
true validity coefficients and the "95% credibility value" (the point above
which 95% of the true validity coefficients lie). Table 1 contains the
obtained and true validity coefficient distribution statistics for each
predictor.
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Table 1

Mean and Standard Deviation of the Obtained and True Validity Distribution
for the Predictors

Predictors
obtained
Validity Educat. Plant Occup. .TB Aptitudes
Distribution Sex.O Age Level Exper. Exper. G V N S P 0 K F M

Mean -00 07 02 19 19 20 16 20 13 14 16 08 09 10
Standard
Deviation 08 11 I0 11 10 09 08 08 08 08 08 08 08 09

True Validity
Distribution

Mean -01 16 05 39 39 43 34 42 28 2933 18 20 22
Standard

Deviation 10 19 15 15 15 06 09 04 10 09 07 12 09 12
95% Credibi-

lity Value -18 -16 -20 14 15 32 21 35 12 14 22 -01 04 02

note: Decimal point omitted for validity coefficients.
a: Scored 1 = male, 2 = female.

Table 1 reveals that when all occupations are grouped together all
tests have higher mean validity than th. mean validity for sex, age or
education level. Both plant experience and occupational experience correlate
relatively highly with job performance ratings, only intelligence and numer-
ical ability have higher mean true validity. All the biographical predictors
have considerably higher true validity variance than the test predictors.

Wien the mean predictor intercorrelations were clustered across the 108
occupations the following four groups of predictors were obtained - experience
cluster (age, plant experience, occupational experience), cognitive ability
(intelligence, verbal, numerical), perceptual ability (spatial, form
perception, clerical perception), psychomotor ability (notor coordination,
finger dexterity, manual dexterity).

Unique contribution to predictor validity of the experience clusterl for three
job canplexity categories. The unique contribution to validity of the suned
standard scores for age, plant experience and occupational experience when
added to the cognitive ability score (sun of G, V, N) was determined separately
for high, middle, and low ccmplexity occupations. The calculations were made
by first averaging the correlations for the occupations separately for the
three complexity categories. The thirteen job complexity categor~es were
compressed to three by combining complexity levels 4-8, 9-11, and 12-16.
Bnployee sex and educational level were eliminated from consideration since
they correlated so poorly with the criterion. All variables were unit weighted
and standard scores were employed. The calculations were made for the ob-
tained validity coefficients rather than the true validity coefficient.
Cognitive ability correlated highest with the -iterion and was selected
first, except for the low cplexity level where it equalled experience.
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Table 2

Obtained Correlations of Sum of Unit Weighted Standard Score Cognitive
Ability and Experience Pre-o ors for Three Job Ccinplexity levels.

Predictor Ccmposite Employed
G, V, N, Age Unique Validity
Plant Exp. of

Job Complexity Level Occupa. Exp. G, V, N Experience Cluster

Low .271 .180 .091
Medium .294 .245 .049
High .270 .195 .075

Table 2 reveals that the experience cluster adds a considerable amount
of unique validity to the validity obtained by the cognitive predictors for
all three job ccmplexity levels. The unique validity of the experience
cluster is identical to the part correlation of the experience cluster with
the criterion. Neither the perceptual or psychomotor ability clusters add
unique validity to the cognitive ability cluster. No great differences in
validity occurred at the three complexity levels.

Consistency of validity coefficients across job complexity levels. The mean
true validity for each predictor was calculated separately for each job
cmplexity level. The product moment correlation of the mean true validity
coefficients with the job ccrplexity scale for each predictor confirmed some
foreseeable relationships. The following predictors had higher validity in
lower complexity occupations: perceptual and psychomotor abilities, age,
plant experience, occupational experience. Education level had higher
validity in higher level occupations. Women were rated higher than men for
lower level occupations and men were rated higher than women for higher level
occupations. However, it is important to emphasize that while many of these
correlations between validity and complexity level were significant, in gen-
eral, they would. not lead to the use of different predictors for different
coplexity levels. For instance, although education level is correlated
higher with 3ob performance for more complex jobs, the validity for the more
complex jobs is not high enough to add unique variance to the cognitive
aDlity score.

I have reported results that showed a lack of important moderation of
validity by job complexity in two different contexts. Approximately the same
validity was obtained for the predictor clusters for the three different
camplexity levels and validities for the specific complexity levels show that
very rarely would a different predictor be used than the ones that applied
to all ccmplexity levels combined. This may be because these data were
cumulated over geographical locations which is known to depress the validity
coefficients.
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The following results were obtained:

1. GATB tests in general had higher correlations than biographical
variables with supervisory ratings. Two biographical variables, plant
experience and occupational experience however had high correlations with
supervisory ratings.

2. The experience cluster score, consisting of plant experience,
occupational experience and age added unique valid variance to the cognitive
ability cluster score. Neither perceptual nor psychomotor ability added
valid variance to cognitive ability.

3. The data show scme relation between predictor validity and job
caplexity level but not enough to justify the use of different predictors
for different complexity levels. A reason for this lack of relationship
was advanced.

REFERENCES

Anastasi, A. (1982). Psychological Testing. New York: Macnillan, 5th
edition.

Schnidt, F. L. & Hunter, J. E. (1977). Development of a general solution
to the proolem of validity generalization. Journal of Applied
Psychology, 62, 529-540.

U. S. Department of Labor Employment and Training Administration (1981).
Selected characteristics of occupations defined in the Dictionary
of Occupational Titles. Washington: U. S. Government Printing Office.



ANALYTIC PREDICTION OF TRAINING DEVICE EFFECTIVENESS

Louise G. Yates
Douglas Macpherson

U. S. Army Research Institute

One aoal of the U. S. Army is to design cost effective
train'nc equipment which prepares troops to do necessary tasks.
The design and acquisition of this equipment is usually accom-
plished during the design and acquisition pnases of the parent
weapon system. Although the training equipment design is supposed
to be based on field tests, often the field tests are eliminated
due to logistical problems related to the parent equipment acqui-
sition and design process. When field tests are performed, they
often come too late in the acquisition process, due to the same
logistical problems, to allow change of the device design based on
the results of the field test. Thus, device design often becomes
dependent on tie analytic procedures of each program manager as no
formal analytic procedures for evaluation of training device
design have been implemented,

The Army R-search Institute has designed the Device Etfec-
tiveness Forecasting Procedure (DEFT) to fill the need for a
formal analytic procedure that can be used at various stages in
the design/acquisition process to evaluate the proposed device
design, proposed design changes, and alternate device designs,
The instruction and training principles contained in DEFT can alsc
be used as a guide in the initial design process. DEFT is based
on a review of relevant literature and on the development of a
conceptual approach which takes into consideration theoretical and
practical issues of training device design, development, and
evaluation, This approtch led to a program development model
which resulted in a netvork of hypotheses tnat relate program
inputs to intermediate outcomes.

DEFT is computerized in an interactive menu-driven format
for use on the IBM PC or compatible computers. It requires
ratings from sublect matter experts (SME) on device, operational
equipment, trainee, and training system characteristics. It can
be used at three levels of complexity , DEFT I, II, and III,
varying with the amount of information available to the user.
DEFT I is designed for use ea-ly in the design process when only
general information is avaiable to the user. At this early stage
alternate device designs may need to be compared or one device
design evaluated. An evaluation made at an early stage is espe-
cially valuable as design changes have much less cost and time
impact.



DEFT I reauiies elaht viozal ratinos from the SME based on
general information about characteristics of the device, the
parent equipment, the training needed, the trainees, instructional
features of tne training, and tne physical and functional simil-
arity of tne device to the operational equipment.

DEFT II and III are desianed to De used later in the
design,acquisition cycle when more detailed information is avail-
able. This can oe tne first use of DEFT, or tne use of DEFT II or
!Ii to checr the forecast made oy DEFT i , ot the use of DEFT II
or III to determine the effect of proposed charges in the device.
DEFT II ratings are made at tne task level. Tnere are thirteen
kinds of ratings, some of which are rated for eacn task trained on
the device or the operational equipment.

DEFT III can be used at either the task or subtask level.
It requires 35 different types of ratings, some of which are
required for each task/subtask level. Added to the information
needed to make DEFT I and II ratings are certain features of
controls and displays on both the device and the operational
equipment.

DEFT II and III provide more diagnostic capability than
does DEFT I. With DEFT II and III it is possible to predict the
impact of changing one or more specific characteristics of the
device or the training system on the effectiveness of the train-
ing. DEFT III which requires the most information can provide
more diagnostic information than DEFT I.

The information input into DEFT is converted into several
numerical indices which are used to estimate device effectiveness.
Table I contains the evaluation summary from a DEFT I analysis of
a naval training simulator for the SH-3 helicopter.

The indices listed in the summary are the sa.,e for DEFT II
and ITI. The numbers in the left column come directly from the
ratings (For DEFT II and III these numbers are the ratings summed
and averaged over tasks/subtasks and rating scales.). Indices in
the other two columns are Jerived from mathematical combinations
of the numbers to their left and above them in the table. The
three summary indices (right column) are for acquisition
effectiveness, transfer effectiveness and the sum of these two,
total effectiveness.

Training Problem defines the deficiency in skills and know-
ledge that the new trainees have relative to criterion performance
on the training device and the difficulty trainees would have in
overcoming the deficiency. Training Efficiency is rated on the
basis of the instructional features and training principles incor-
porated in the training device. Acquisition Effectiveness is
designed to give a "poor" score to a device that has a large
training problem and is inefficient in dealing with it,
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TABLE I

DEFT I Evaluation Summary

Performance Deficit 50
Learning Difficulty 60

Training Problem 30 Oc
Quality of Training Acuisiition 90

ACqUIstiton Efficiency .94
Acauisition Effectiveness 3i 9.

Residual Deficit 20
Residual Learning Difficulty 30
Physical Similarity 80
Functional Similarity 80

Transfer Problem 6 00
Quality of Training Transfer 80

Transfer Efficiency .89
Transfer Effectiveness 6.74

Total Effectiveness 38 65

The Transfer Problem is defined by the amount of learning
required on the operational equipment, or by other means, after
training on the device is completed, ratings of the difficulty of
this learning, and ratings of the functional and physical similar-
ity of the device controls and displays to those on the opera-
tional equipment. The Transfer Efficiency Index is computed from
ratings of the instructional and training principles in the device
that contribute to transfer of training.

Like the Acquisition Effectiveness Index, the Transfer
Effectiveness index gives a "poor" score to a device that has a
large transfer problem and is ineffective in dealing with it.

Evaluation of DEFT

At the time that DEFT was completed a field evaluation
could not be funded. Therefore, an analytic assessment was made
to assess certain scalar properties of DEFT and to examine inter-
rater agreement. Based on expected score distributions obtained
from Monte Carlo distributions, devices with different DEFT
ratings can be evaluated as different or not. Based on certain
reasonable assumptions regarding the distribution of expected
input values, DEFT outputs are interpretable and meaningful. Ser-
sitivity analysis, which tested the impact on DEFT output of
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varying input values, indicated tha-, with the exception of the
two efficiency scales, all input values nad the same effect on
total score. Efficiency scales had a larger effect than other
scales.

Interrater agreement was examined by having four raters use
DEFT 1, i, and iI to evaluate three training devices, the M-6C
Gunnery Trainer (VIGS,, the Burst-or-Iarget (BOTi Trainer, and tne
Maintenance Procedure Simulat:r .t-PS fc- the E-3A Navigation
Computer System. The sever summar indices shown in the twc
columns on the right of Table I were computed for each DEFT rater
and trainer combination. From an analytic assessment of these
results it was concluded that there was substantial interrater
agreement for all DEFT indices across tne three devices. However,
it is necessary for raters to agree on their assumptions regarding
the device, trainee population , device utilization, and the
meanings of the various DEFT scales prior to making the ratings.

Funds have been allocated for an interservice ccntract
effort, starting in FY86, to field test DEFT. SME ratincs of a
number of training devices with known performance capabilities
will oe used. One output expected from this effort is the conver-
sion of pertinent DEFT index scales to scales based on meaningful
training concepts such as trials to mastery, training time, etc.

Wide interservice interest has been displayed in DEFT.
Personnel from the Training Analysis and Evaluation Group (TAEG
of the Naval Training Evaluation Center have used DEFT I and II to
evaluate the 2F64C helicopter trainer, under four different condi-
tions, to determine if DEFT in its present form will be useful to
TAEG. Interrater correlations for two raters using DEFT Ii ranged
from .81 to .97 for the seven groups of ratings which result in
the seven summary indices ef Table I. Correlation of DEFT I and
11 measures of transfer efficiency with transfer ratios based on
trials to mastery in the actual helicopter, after training on the
simulator, averaged .54. The Ns were small for all of these
results, so the results are not conclusive, but they are encour-
aging.

In the near future the Marine Corps will be evaluating DEFT
for their use by using it to evaluate the LVT Landing Vehicle
Trainer. In addition, the Air Force has requested information on
DEFT.

The interest of these agencies in DEFT appears to confirm
the need for such a technique, and initial results of the evalua-
tion of DEFT, although incomplete, lead us to believe that DEFT
can become a very useful tool in designing and evaluating training
devices.

518



JJ

Bibliography

Rose, A. 11., Wheaton, . , 6 ates, L. , Forecastino Dev-ce

Effectiveness: Vo>ume Issues. 7ecnnica: Report 68C. Aiexan-

dri, VA: U. S. Army Reseaiob :r.St'ti'te.

Rose, . wneato,, ., ates L. G. Forecastinq Device

Effectiveness;, Vo am e " F:cceches. Researcr Product 8:-2:.

Aiexandlia, VA: U. S. Army ReiEa:r :nst tute.

Rose, A. I.', Wneaton, G. F_ . 1 E.Zes, L. G. Forecasring Device

Effectiveness: Volume III. AnaiytiC Assessment of Device Effect-

iveness Forecasting Technique. Tecnnicai Report 681. A.exandria,

VA: U. S. Army Research Institute.

519



Research on Decision Aids for Training Design and Evaluation

Angelo ?irabella

Army Research Institute

for the

Behavioral and Social Sciences

A key mission of the Army Research Institute (ARI) is to produce
decision aids which will help training developers design and evaluate
media, methods, and programs of instruction. This paper summarizes a
program of research (focusing on maintenance training) to achieve that
mission. The summary will address some research products which have been

completed, and some which are still being developed. It will describe

cooperative efforts among the services.

The programs long-range objective is to combine a number of job
aids into a decision-support system (DSS) which will unburden the training
developer. The DSS should provide an audit trail for his or her de-
cisions, instill confidence that cost-effective training is being devel-
oped, improve communication among developers, and yet be easy to
understand and use. Yet, products which are easy - use often require
very complicated science and technology to develop as well as substantial
investments in time and money. Therefore, we have set an ambitious, high
risk goal. Why should we pursue it and what obstacles do we face? First,
why do we need job aided, perhaps high technology, approaches to training

development?

We need them to support increasing requests for accountability
from the Congress. Congress has asked the Services to do a better job of
planning, explaining, and defending how they train their respective
forces, OSD and the Services have responded with new policies. For exam-

ple, recent directives from OSD on training device acquisition and com-
puter-based instruction, require that the choice of a training medium, its
specific design and use in programs of instruction be justified. This
requires data on the expected and/or measured effectiveness of the medium.

At the very least, training managers and weapon developers will have to
point, increasingly, to authoritative bases for decisions on training

system design.
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At the grass roots level, we need decision aids to support the

Service schools and their training directorates. The schools face a very
difficult task in developing training not only for current weapon systems,
but for those on the drawing board. Their difficulty is exacerbated by
shortages of training development specialists and turnover among those
that are available. One result is that the schools develop training
partly on the basis of intuitive judgement, which may be difficult to
explain or justify. Therefore, the need for decision aids, if not a deci-
sion support system, is evident. Why haven't we met this need before? The
answer lies in chronic gaps in the science and technology of training de-
sign, particularly for maintenance.

I. Lack of a critical mass of scientific and expert data to sup-
port training design decisions, and

2. Lack of methodology for translating scientific and expert data

into design technology. These will continue to be chronic until a con-
certed and systematic effort is made to deal with them. Working towards a
decision support system forces the issue for reasons to be explained

shortly.

The Program
Our program at ARI is designed to help move the Army from a pa-

per-based, approach to developing training to a higher technology, more
objective, more easily documented, and more defensible approach (Figure
I). We have a systematic, institutionalized approach in Instructional
Systems Design (ISD). But ISD has not been very successful, because it
places a heavy information overload on the training developer and requires
a many subjective judgemeuts that are difficult to make. A decision sup-

port system could shift much of this burden from human to machine.

JOB AIDS FORTRAINING SYSTEM DESIGN, -

DEVELOPMENT, ACQUISITION

CURRENT R&D
DECISION SUPPORT SYSTEM

CURRENTFUTURE
PROcEDURES \ ,.. PROCEDURE

Figure 1
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The middle of Fig. I illustrates now we can bring about this kind

of magic. This section shows one kind of DSS, based upon artificial in-

telligence in the form of an expert system. Here, the training developer

would comunicate to the computer the maintenance tasks to be trained,

conditions of training, and standards of achievemett, and receive a set of

recommendations for designing a maintenance simulator. The designer would

have to provide the front-end analysis, i.e., tasks, conditions, and stan-

dards. But once this was done the design decisions would be made automat-

ically by a set of built-in "if..then rules." Moreover, job aids can and
have been developed to assist with front end analysis, so even this human

function could be machine assisted.

Having decided to bring about this kind of magic, what implica-
tions does the decision have for R&D strategy? The answer is provided by

outlining the steps required to construct a DSS. These provide the

skeleton for the research program which I am addressing In this paper.

Step One is to accumulate a relevant set of scientific and expert
data. In our case, that means data which show how various training varia-
bles influence the acquisition and transfer of maintenance skills. It

also means some form of accumulated wisdom from training experts with much

experience. We are in trouble on both counts, and we're only on Step

One. For many reasons, we lack adequate amounts and kinds of the first

set. But we're also in trouble on the second set because the training
business does not possess the kinds of expertise that one finds in more

mature disciplines like engineering, or medicine,

Step Two is to organize the scientific data so that it is easy
access and process. The traditional approach has been to store scientific

data in journals which are often difficult to obtain and understand, Data

Base Management System technology offers an alternative approach.

Step Three is to develop and assess a variety of technologies for
processing the data in Step Two so that we can generate useful conclusions

and principles of training design. Many technologies are available. But

while they work well in physical science, engineering, and medicine, they
have not yet been exploited for training problems. Examples of these tech-

nologies include the methods of operations research, mathematical model-

ing, pattern recognition techniques, decision analysis, and artificial

intelligence. In Step Four, the results of the first three steps have to
be packaged for easy use by the ultimate customer.

At ARI we have been or plan to do some work under each of the four
headings above. For example, under Step One we have set up a maintenance

training research facility at George Mason University which is somewhat
unique. We're using Army simulators and studying Army maintenance tasks

(diesel and Hawk radar repair), but under the controlled conditions of a

laboratory. Over the next three years, we hope to accumulate, a system-
atic collection of training effectiveness data which can be converted into
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specifications for designing simulation and computer-based instruction of
maintenance skills. These in turn would provide part of the basis for an
expert system we are developing.

We have completed the first two of approximately 10 major experi-

ments. We will be looking at the effects of alternative media, ( e.g.
computer-aided instruction vs simulator training), training strategies,

and individual differences. We want to identify the most potent training

system variables and translate them into design principles. Initial re-
sults have been described by Swezey (1985). Under Step Two we have con-

structed a preliminary training simulation research data base. It

contains of 150 research papers which have been analyzed into 20 catego-
ries of information. The data exists in hard copy (Ayres, et al, 1984)
and exists in computerized form. We plan to conduct a met-analysis on
an expanded and revised version of the data base and use the results as
inputs to our expert system. This brings us to Step Three: developing
techniques for converting data into useful decisions.

As part of Step Three we have developed procedures to help design

and evaluation of training. The evaluation aids are finished or nearly
finished products ready to implement, so I will describe them first. One

of these products, a method called Comparison-Based Prediction of Training

Device Effectiveness, is based upon Comparability Analysis (CA) which is
currently in use by the military -particularly the Air Force - for esti-

mating the reliability of new weapon systems. We have adapted CA for use
in training effectiveness analysis. The analyst uses his or her knowl-

edge (or performance data if available) about existing training devices
to estimate the effectiveness of new devices. A handbook, explaining how
to conduct the analysis has recently been produced (Klein et al, 1985) and

we are currently exploring ways to field test and implement it,

We have also developed an alternative - and in this case

computerized - evaluation procedure called the DEFT - Device Evaluation

Forecasting Technique (Rose et al, 1985a). DEFT is a decision analytic
method - as is CBP, but one which is based on a mathematical model. The

analyst is led through questions about the device being evaluated. His or
her answers (judgements on a scale of 0 to 100). provide the inputs for

formulas which yield various measures of device effectiveness. These, in
turn, are combined mathematically into an measure of device effectiveness.

The method is being used on a trial basis by the Naval Training Equipment
Center and will be extensively demonstrated and field tested during the

current fiscal yeac under a new program called ASTAR (Automated Simulator

Test and Assessment).

Lastly, we have developed a draft guidebook on how to empirically

test simulators and training devices for transfer of training effective-
ness. This document is designed to help action officers who are responsi-
ble for evaluating training devices but who may not be experts in

testing. It aims to teach the reader enough about the basic concepts,
language and methods of testing so that he or she can communicate with
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evaluation specialists and assess their recommendations. It is also de-
signed to help that action officer argue for adequate testing resources.
We have made preliminary plans to hold a workshop for the Army Training

Device Community.

Currently, our Step Three work is devoted to building expert
system for design of training simulators. So far we have built a democ-
stration system containing 60 rules. We'd like to triple the size of the

demonstration and then take it to a TRADOC School to develop it further

with the help of maintenance instructors.

Recently we began a joint program with NTEC and AFHRL to develop

automated techniques for producing training courseware. Our objective is
to construct models of students, instructors, and subject matter experts
and then convert these using artificial intelligence methodology into
automated procedures for doing training front end analysis and building
diagnostic routines. We plan to test the results of this re search on a

training problem that holds common interest for the three services, We
anticipate combining training evaluation methods, the expert system for
training device design, and the automated procedures for courseware devel-
opment into a comprehensive decision support system for training design.

Under Step Four we have written some concept papers identifying
and defining issues in the human engineering and design of a decision
support system (Macpher3on & Mirabella, 1985; Singer & Hays, 1985). We

are also developing a joint program with the Ordnance School so that we
can conduct research on user requirements and test approaches to meeting
those requirements, including specific human engineering designs for the
decision aiding technology that evolves from our various lines of re-

search.

Future Plans and Research Pay-offs

Where do we go from here? We plan to make a con-
certed effort to field test, demonstrate, and implement the training
gvaluation tools already completed. We will also continue research on
artificial intelligence approaches to training development (expert system

and automated courseware procedures). Finally, we will be
developing a test site where we can study user requirements and match them
with the technologies evolving from our basic research program, We are
targeting FY87 to complete the system components, FY88 to integrate them,
and FY89 to demonstrate the resulting DSS at the test bed site.

Suppose we succeeded beyond our wildest dreams and did, in fact,
evolve a DSS which could significantly unburden the training developer.
What benefits would accrue? How could we use such a product to help the

Army meet its future maintenance training rmquirements? First, it would
contribute significantly towards meeting Congressional and OSD/Service

directives for accountability in developing, executing, and managing

training. Secondly, it could help document future training requirements.
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A projection of future population characteristics could be used as inpit

data for the DSS, and if it were sufficiently comprehensive, it could

return specifications for appropriate future training system designs. If,

on the other hand, we discovered that a particular future projection could

not be represented in the DSS, we could then document this state of igno-

rance and use that documentation as a guideline to new research. With

such a system, we should also be able to significantly reduce the problem
of orienting future action officers who will be faced with the responsi-

bility for training development. Finally, we could cure the chronic ail-

ment of shortages in training and educational specialists.

Whatever the future holds in store because of changes in Army
missions, technology, resources, or population characteristics we will be

better able to meet tha future if we close critical gaps in the science
and technology of training design. The concept of the DSS provides a

useful way to organize the research and development which will be required

to close those gaps.
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THE ARMY EXPERIENCE SURVEY: METHODOLOGICAL HIGHLIGHTS

Jeanna F. Celeste
Westat, Inc.

1650 Research Boulevard
Rockville, Maryland 20850

Forecasting future enlistment and reenlistment trends, and
developing effective recruitment and reenlistment policies and
procedures has become a very complex task for the all-volunteer
forces. Recent upturns in the state of the U.S. economy have
placed military recruiters in competition with one another and
with the civilian workplace for the limited labor resources.
Military policy makers regularly need current information about
the characteristics of people enlisting as well as those separat-
ing in order to make informed decisions. More importantly, they
need to understand the reasons for enlistment and separation.

The Army Research Institute for the Behavioral and Social
Sciences,* recently awarded a contract to Westat, Inc. to design
and administer a large random survey of Army veterans. A major
impetus for performing the survey was the interest expressed by
the Secretary of the Army in assessing the post-service experi-
ences, plans for reenlistment or reserve duty, and attitudes
toward military experience of recently separated soldiers.

It is hoped that the responses of recently separated Army
veterans can provide important data to illuminate their expecta-
tions and values concerning civilian life and to detail gaps
between their expectations versus experiences in their recent
period of active duty. In addition, when compared to data from
Army subgroups who elected to reenlist, these data can illuminate
differences in the expectations/values across various population
subgroups.

This paper reviews the approach taken to obtain these data.
Sampling and survey administration procedures are described along
with a brief discussion of survey outcomes.

Survey Administration Procedures

The Army Experience Survey was comprised by a broad variety
of tasks. A sample of recently separated Army veterans was
designed and selected, and a multi-method approach to survey
administration was implemented to include multi-wave survey mail-
ings, telephone followup of mail nonrespondents, and conducting a
limited respondent tracing effort. Each of these survey compo-
nents are described below.

*The views expressed in this paper are those of the author and do

not necessarily reflect the official policy or position of the
Department of the Army, the Army Research Institute for the
Behavioral and Social Sciences, or the U.S. government.
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Sample Design. An extensive sample design effort was under-
taken to select a representative sample of recent Army veterans.
The population of interest was defined as enlisted soldiers who
separated from service between October 1981 and September 1984.*
The sample was drawn using Army personnel records maintained on
the FY82, FY83, and FY84 versions of the Enlisted Master File.
The targeted population was further defined on the basis of their
separation statuses. The survey sample was selected drawing most
heavily upon young soldiers separating after completion of a
successful first term of enlistment. Smaller samples were also
obtained on four other groups of separatees including: first-
terim attritees, soldiers separating at two different points in
mid-career (i.e., soldiers serving more than one term but less
than ten years, and soldiers serving more than ten years but not
retired), and enlisted retirees.

The distribution of sample members by separation status is
presented in Table 1. As the table suggests, the group of pri-
mary interest was the sample of first-term separatees. A related
priority was to be able to perform comparisons of first-term
separatee and attritee responses. The samples of separated mid-
careerists and retiree groups were of secondary interest in the
survey effort.

Table 1

Separation Status of Army Experience Survey Sample

Separation Status n

First-term Separatees 5,413

First-term Attritees 1,616
Soldiers with more than one term

of service, but less than 10 years 601

Soldiers with 10 or more years
of service, but not retired 500

Retirees 500

Unknowi. separation status 123

TOTAL SAMPLE 8,753

The sample design used provided a representative sample of
the desired size for each of the six separation groups identified
in Table 1. The individual categories of five major variables

Excluded from the sample frame were: soldiers who separated to
enter officer programs, medical retirees, soldiers who died
while in servlv. &nd separating soldiers granted early release
for reasons other than insufficient retainability.
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were used to determine sample representativeness. These vari-
ables included race, gender, level of AFQT (Armed Forces Qualifi-
cation Test), initial term of enlistment, and time elapsed since
separation. Table 2 presents the 15 categories which were
considered in designing the sample.

Table 2

Sampling Categories (Within Separation Groups)

Initial Term AFQT Time Elapsed
Race Gender of Enlistment Level Since Separation

White Male 2 years Categories 1 year
I and II

Black Female 3 years Category IlIA 2 years

Category IIIB
Hispanic 4 or more Category IV 3 years

years and below

A representative systematic random sample was drawn from the
population frame. Then the basic sample was supplemented with
additional systematic random samples to achieve the desired
sample size across the sampling categories. This design resulted
in a self-weighting sample.

Survey Administration. The survey administration took a
multi-method approach. In general, survey procedures consisted
of multiple survey mailings, respondent tracing, and telephone
followup of nonrespondents. Address information was provided by
the Defense Manpower Data Center (DMDC) on computer tapes.
Respondent tracing procedures were employed for cases in which:
(1) no address was available from DMDC, (2) survey mail was
returned with no forwarding address, and (3) telephone followup
was required. Each of these AES administration procedures is
briefly reviewed below.

DMDC provided the complete set of Army personnel records
from the Enlisted Master Files for FY82, FY83, and FY84. In
addition, they performed record searches of several different
military personnel files to locate address information for this
population.

A sample of 8,753 veterans separating from the Army during
FY82-FY84 was selected from the EMF files. DMDC was able to
provide at least one address for 83% of the sample (n=7,232), In
some instances, multiple addresses were provided. There were no
initial working addresses for 17% of the sample (n=1,521). These
cases underwent sample tracing.
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A variety of sources were employed to assist in locating
addresses and/or telephone numbers for sample members. Sources
consulted include: NPRC/RCPAC (National Personnel Record
Center/Reserve Component Personnel Administrat).on Center), the
U.S. Postal Service, the Johns Holding Company, Telematch, and
Directory Assistance.

The sample was separated into three groups distinguishable
by the type of tracing required: roup i had addresses provided
by DMDC which were presumed valid; Group II sample members did
not have addresses provided by DMDC and required manual searches
of personnel records at NPRC/RCPAC; addresses for the third group
of sample members could not be located either on DMDC tapes nor
at NPRC/RCPAC and were, therefore, forwarded to the Johns Holding
Company (the credit bureau) for address searching, Sample
members who apparently had good addresses but wno never responded
to the survey were forwarded to the Telephone Research Center for
followup. In order to obtain telephone numbers, sample members'
names and addresses were sent to Telematch and/or Directory
Assistance was contacted in the city of their last known address.

Workable addresses were never located for 2% (n=166) of the
AES sample. However, 14.5% (n=1,270) of the sample members were
located by NPRC/RCPAC, and 5% (n=418) of the sample were located
by the Johns Holding Company. Telematch confirmed addresses and
provided phone numbers for 28.6% (n=2,501) of sample members.
Directory Assistance was contacted when cases referred for tele-
phone followup either had no telephone number provided by
Telematch or the number provided did not reach the sample member.

Upon receipt of an address, the sequence of survey adminis-
tration proceeded as follows:

o Mailing of prenotification letter;

o First-wave mailing of survey;

o Reminder/thank you postcard;

o Second-wave** mailing of survey and prenotification
letter; and

o Telephone followup interviewing.

Valid addresses for Group I sample members met ono of the
following criteria: (1) the mail was not returned by the Postal
Service, or (2) mail was returned with an address correction and
mail sent to the new address was not subsequently returned by
the Postal Service. Mail which was not returned as undeliver-
able was, for the most part, considered to have reached the
intended party. This assumption was tested through two mail
experiments.

In cases in which no response was received to the first survey
mailing and multiple addresses were available, either from DMDC
or NPRC/RCPAC, surveys were sent to all known addresses.
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Survey Results. Table 3 presents the results of the survey
effort by method of contact resulting in a completed survey
(i.e., mail, telephone). As Table 3 indicates, a majority of
completed surveys were obtained through the first mailing of the
survey (62.0%). The second wave mailing elicited a fait response
rate bringing in another 779 completed surveys (18.6%) of the
total completes. Telephone followup provided an additional 816
completed surveys--a very successful effort particularly consid-
ering that their sample was taken from among the respondents who
had already been sent four survey mailings without achieving a
response.

Table 3

Sample Completion Rate by Survey Method

Mail Sample n=8,378"

N % of Completes

1st Wave Mail Completes 2,601 62.0%

2nd Wave Mail Completes 779 18.6%

Telephone Followup Completes 816 19.4%
4,196* 100.0%

*Does not include completed surveys from

Telephone Only Sample, n=162.

Research Implications

The Army Experience Survey is the first known successful
effort among the military services to survey veterans about their
post-service experiences, and the impact of their service experi-
ence upon their civilian lives. Given schedule and budgetary
constraints, the outcome of the tracing efforts and survey
response rates are encouraging. Telephone followup of nonrespon-
dents appears to be a highly effective method of increasing
sample response rates and may prove to increase sample represen-
tativeness by reaching sample members less likely to complete
written surveys.
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USAF Spouse Survey: The Final ICapter

Mayer Mickey R. Densby
Captain Karl A. Iben

Leadership and KMngmt Dete1l0rnt Center
Maxwell AFB, Al 361'2-5712

The USAF Spouse Surey (F55) saa completed by over 11,000 spouses of Air Force military and civilian
personnel during the period 1982-1985. The survey was adunistered as a part of management cosulting
conducted by the leaderShip and Maaagement Development Center (UIDC). Short (1985) gives a brief history
of the consulting process and describes the Organizational Assesseent Package (OAP), the rain 'onsultng
instrment with which the AM5 was linked. Because of its link with the OAP, the SF5 has proven to be a
uno-ue source of information on tse relationship between work and family isses (Dansby, 1984; Dansby &
Higta'r, 1984; Flannery & Dansby, ISI). Ibsen and Austin (1983) give an overview of the purposes and
history of the AF1.

In late 1984, a decision was made to discontinue the management consulting program (by I Oct 86) because of
manning constraints. Collection of data via the AFSS has already ceased. TIhe urpose of the present paper
is to sucnarize the final results of the AFSS for 1982-1985, with a breakdown of results by caledar year.

Method

The AEW$ cosists of 73 attitudinal and demographic Items. Responses to attitudinal items range across a
seven point Likert scale with a "I" indicating strong disagreement or disiatisfaction and a "7* indicating
strong agreement or satisfaction. Responses to the survey were collected at rmerous WAS and overseas
bases during management consulting visits solicited by commanders of Ar Force organizations (usually of
wing size or equivalent). All mlitary and civilian personnel present for duty were admnistered the OAP
in group settings. Married personnel were given the AMSS to take home to their spouses. Approximately 35%
of the spouses returned the completed surveys (in sealed envelopes) to a central collection point.
Subsequently, the survey responses were added to the cumulative 14XC data base of AFSS responses.

Although the total data base includes data from 30 bases (19 CCUS and 11 overseas) in nine ma3or commands
(seven CCNUS (71.8%) plus USAFE (25.4%) aid PACAF (2.8%)]. tle sample was not selected to be representative
of the Air Force. Furthermore, the distribution of commands sampled varies from year to year. Therefore,
the reader is advised that generalizations to the Air Force as a whole, or comparisons across year groups
for trends, must be approached with caution.

Results

Table I provides a year-by-year and total summary for the demographic characteristics of the survey
respondents. The table shows the total number of responses by year and gives demographic data as
percentages of the valid responses to each item. The total nmber of responses may vary slightly for each
item doe to missing data.

Figure 1 shows the attitudinal items for the AFSS. Table 2 presents the item means, standard deviations
and percent of respondents marking the item five or higher (%5-) for these iren year by year and overall.
For item 36 (satisfaction with the open mess) the results are given separately for spouses of officers and
enlisted personnel. For item 44 and 45 (career intention), the scale has only six points; accordingly,
the pErcentage marking four or higher is reported. Items 62 and 63 (TDY frequency and length) are
primarily demographic in nature. No means or standard deviations are reported for these ites (however,
the table shows the %5-).

Discussion

As was mentioned previously, the AFSS was not given to a true probability sample each year, nor were the
commands stratified across years. Despite these limitations, the results show a remarkable consi3teincy
from year to year This fact, plus the broad representation of different commands and bases or the total
sample, leads us to speculate that the results may be generalizable to the total popilation of Air Force
spouses, at least insofar as broad attitudes toward the Air Force life are conrerned, At tle very least
the data are representative of the bases at which they were collected, and the results reflect the
attitudes of a significant portion of Air Force spouses.

Previous factor analyses (Dansby, 1984) resulted in the extraction of 14 factors with eigenvalues greater
than one. These factors proved relatively stable over time (Danaby, 1984). We will discuss the total
results of the AFSS in relation to some of the more interesting factors.

Factor 0 is a broad factor representing the spouse's identofocation with the Air Force. It includes items
16, 17, 19, 22, 27, 44, 45, and 71 (negative loading). Looking at the ovvrall results for these items, we
see a strong identification with the Air Force. About three quarters of the spouses are glad the member
chose the Air Force as a career (item 27) ; a similar proportion want the military member to make the Air
Force a career, if they have not done so already (item 44). Better than 60% would recoemend the Air Force
career (item 17) and feel involved with the Air Force lifestyle (item 1). Only about a third want the
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military member to leave the Ail Force and pursue a similar career as a civilian (item 71i. Almost 60%
perceive the Air Force as going to considerable effort to make service life more attractive (item 22).
These results sinw fairly strong spousal support for the Air Force.

The second facto- represents )ob benefits as a retention influence. Items 49, 50, 51, 57, 58, and 59 load
with this factor. Since items 49, 50. and 51 are highly correlated with iteen 57, 55, and 59
(respectively), we will discuss only the first set of item. Almost two thirds of the spouses see medical
Deneflts as a determinant of caueer intention to at least a "fairly large extent." About 80% of the spouses
indicate job security and the retirement program are strong determinants of career intention.

TY attitudes )items 64-67; Factor 3) show a relatively small impact on family life and career intentions.
Less than a third of the spouses say TDf length or frequency influences their faily life (items 64 and
65), or the member's career intentions (item 66) and opinon of the desirability of Air Force life (item
67), to a "fairly large extent" or more. On the other hand, results for Factor 4 (satisfaction/prestige as
a career influence) show the spouses believe job sat,sfaction (item 46), status aid prestige (item 47) , and
say (item 481 are important career determinants. Over 80% rate satisfaction (item 46) as important to a
"fairly large extent" or more; the corresponding proportions for status (item 47) and pay (item 48) are 50%
and 70%.

Items (37-42), loading on the fifth factor, measure satisfaction with recreation facilities. This factor
will not be discussed, since satisfaction varies from base to base and depending on frequency of use.
Factor 6 (identification with ]tb: is interesting. Most of the spouses (over 80%) are proud of the
meber's 3o (item 70) to at least a "fairly large extent"; few (less than 15%) went the member to change
Jobs within the Air Force (item 72). A resounding majority (nearly 90%) agree that the meater's job is
important (item 26): however, only a little better than half agree that the member's abilities are being
fully used on the job (item 25). Most spouses (about 80%) agree that the member feels positive about his
or 'ier contribution to the Air Force (item 28).

Factor 7 reflects attitudes on basic services (item 33-36 and 43). For this factor, we note that the
comuissary (item 34) receives the highest ratings of satisfaction, followed by the base exchange and
medical care, and finally the open mess and child care services. Pressure fron the job (Factor 8) appears
to be a significant concern for the spouses. About three fourths agree that the member has been under a
lot of oressure as a result of his or her Air Force job (item 24). (tle only a fourth of the spouses
respond that the meter's job disrupts family life to at least a "fairly large extent" (item 68), over 70%
agree that the member devotes more time to the job than his or her civilian counterpart (item 28). About
60% agree that the member must devote more time to "staying competitive" than a civilian counterpart (item
23).

Factor 9 (other influences on career decisions) yields little meaningful information. Factor 10
(patriotism as a career influ nce; items 52 and 60) is rated high by the spouses. About two thirds believe
patriotisn ifluences the meeter's career intention to a "fairly large extent" or more. The eleventh
factor (desire for information about the member's job; items 20 and 21) has importance for Air Force
commanders and supervisors. Over 80% of the spouses agree that they are interested in being kept up to
date on the Air Force role and mlssl,. (item 20) , and over 90% wont to know about the work the member is
doing (item 21).

Factors 12-14 will not be discussed (they are addressed in Dansby, 1984). Two items that have tonsiderable
importance for Air Force leaders should be noted, however. Over 60% agree that PCS moves have an imiortant
effect on fanlly life and retention (item 31). Finally, less than 40% of the spouses agree that Air Force
leaers are sensitive to family needs (item 32).

The results of the AFSS present some challenges for Air Force leaders. Clearly, the spouses like and
sunport the Air Force; but just as clearly, they expect the Air force to be responsive to the needs of the
farily. Open comviication between famlies and Air Force officials needs to be maintained so leaders can
be rseuonslve. Further research with the AFSS, or a simlai instruont, could serve to keep Air Force
leaders in touch with the "pulse" of Air Force family 1%fe. Response to family needs May be critical in
retaining a dedicated, experienced, euality force.
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PREDICTORS OF PROPENSITY FOR CONTINUING
EDUCATION AMONG ARMY CHAPLAINS

J. ERIC PIERCE, Ph.D., Chapel of the Four Cnaplains
LAWRENCE A. GOLD4AN, Ph.D., USA Soldier Support Center-NCR

Background. Army chaplains, upon induction, have taken a minimum of 90
semester hours of academic work beyond the college level. As it requires
roughly three years of full-time post gradudte study to accumulate these
90 semester hours, one night expect chaplains to be individuals Aho are
positively disposed toward continuing education. Chaplains, however,
display varying amounts of positive attitudes toward continuing
education. Personal experience, as well as responses to the instrument
used in the present research, indicate that some chaplains are far more
likely than others to seek or accept opportunities for continuing
professional education., While there nay be many contributing factors
which would help to explain such a variety in attitudes, it would be ost
beneficial for the Chaplain Branch of the U.S. Army to be able to Isolate
some of the most sensitive predictors of propensity to pursue continuing
education. For the purpose of this study, "continuing education" was
defined in an Army-wide survey of chaplains conducted in 1984 "as a
carefully guided reading program, a directed course of study at home or
away from home, fonral classwork, or seminary workshops of two or more
weeks duration".

The Chaplain Branch administers a professional educational system of
its own, as do other branches of the Army. This system includes the
offering of courses at the U.S. Army Chaplain Center and School at
Fort Monmouth, NJ, most of which are mandatory, as well as selection of
certain officers to participate in Toe Army Educational Review Board
program. Under this program, and because of special professional needs
of the Branch and the services it is called upon to offer the Army
community, the Army selects chaplains for special training at civilian
institutions. A reliable set of predictors of propensity among chaplains
to seek continuing education would iacilitate this process, especially if
future studies were to establish a positive correlation between
prediction scores and successful academic performance. For the present
study, we focused upon isolating the most reliable predictors from which
such scores could be derived.

Major Variables and ,lodels. The methodology used for this study
consisted of deriving concepts from extant literature about continuing
education among professionals and from pilot interviews with chaplains in
the field and at the U.S. Army Chaplain Center and School. From these
concepts, measurable variables were derived, and a questionnaire was
constructed. The original study attempted to explore two research
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questions: "What tasks are characteristic of the various duty positions
of chaplains?", and "What is the nature of the relationship between the
chaplaincy and the continuing education experience?". It was from
exploration of the latter question that we discovered certain predictors
of propensity toward involvement in :ontinuing education among chaplains
by isolating comon factors among respondents who expressed a high degree
of likelihood that they would seek further education.

Chaplains a-e clergy persons. The exercise of their profession
involves a particular set of skills tnat can be taught and practiced
under supervision. It entails an institutional setting through which
service is rendered, and a formalized ethic of service. A iinimum level
of training for admission to the profession (seminary) is followed for
many in the profession by continuing education and training to hone and
preserve old skills, and to acquire new ones. The beliefs, attitudes and
intentions of chaplains and other clergy are ooviously among the
behavioral determinants of seeking and participating in continuing
education. Fishoein ana Ajzer (1975) presented a theoretical framework
for examining the relationships among these variables. They demonstrdted
that belief about an object influenced attitude and that, in turn,
influenced behavior. Groteleuschen and Caulley (1977) applied the
framework to continuing education as the type of behavior influenced.
Consequently, they evolved a predictor model which, after some revision
of its statistical formula, was useful in the present study. Bonn (1974)
had devised previously a specific predictor model for participation oy
clergy in continuing education.

While income and previous educational experience are generally
accepted as powerful contributing factors toward participation in
continuing education, they were not expected to prove strong variables
among chaplains for the following reasons:

1. Uniform minimum education requirement of 90 semester hours of
graduate study for admission to the Army Chaplain Branch.

2. Competitive screening by most large denominations of chaplain
candidates tending to promote admission of highly qualified
persons.

3. Uniform pay for chaplains, by rank.

4. Government financing and mandating of some continuing education.

5. A professional value system favorably disposed toward
continuing education.
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Because, then, of a given degree of uniformity in so many areas, it
was decided to concentrate upon beliefs, attitudes and intentions of
chaplains regarding continuing education. To this end, the Groteleuschen
and Caulley model was useful. The mudel is stated mathematically as:

B-I = wI (A) + w2 (SSN) + w3 (SPN), where

B = The behavior in question,
I = Intention to perform behavior B,
A = Attitude toward performing behavior B,
SSN = Subjective Social Norm, and
SPN = Subjective Personal Norm, witn wl, w2 , and w3 being

empirically derived weights. Questionnaire items were
provided in the model from whicn scores could be derived
for the variables.

The Subjective Social Norm and Subjective Personal Norm were derived
in the model from scores on pairs of questionnaire item indicators
relating to belief and motivation. The i.npact of social interaction can
be seen by Groteleuschen and Caulley's use of these two concepts as
factors in the prediction of intention to participate in continuing
education. The Suojective Social Norm relates to the actor's perception
of the reaction of significant others to his participation. The
Subjective Personal Norm is concerned with the actor's own beliefs about
such participation. The Symbolic Interactionists would insist upon
combining these two "norms" in any consideration of predictors of
intention, and Groteleuschen and Caulley have done so by their formula.

Groteleuschen and Caulley nad suggested thdt the weights in their
formula be determined by running a multiple regression analysis for an
entire group of respondents, using I as the criterion and A, SSN, and SPH
as the three predictors. The stanc~ardized regression coefficient of e-c-h
component would serve as its weight in utilizing the formula for
determining I. To eliminate the problem of using I before its value is
computed, we used partial correlation coefficients of each of the three
components. The obtained coefficients were then used as the weights for
the components.

Aside from the Bonn Predictor nadel and tne Groteleuscnen and Caulley
modal, 4e utilized scores from the following (each representing a
composite of several indicators):

1) Stress and General Dissatisfaction Test
2) Perceived Barriers to Participation in Continuing Education
3) Felt Need for Continuing Education
4) Planned Participation in Continuing Education
5) Perceived Adequacy of the Respondents' Training
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6) Willingness to Participate in Continuing Education
7 Status Inconsistency Test

Find.ngs. There was a very strong relationship between present or recent
participation and future participation in a deliberately planned program
of continuing education experience. Ninety-five percent of chaplain
respondents who were currently or recently (within 12 months) involved in
a continuing educational experience expressed that they were "somewhat
likely" or "very likely" to seek further education. Of those chaplains
not currently or recently involved in such an experience, only 73 percent
were either "somewhat likely" or "very likely" that they would be so
involved in the future. Thus, past or present participation appeared to
be an indicator of future participation.

A stepwise multiple regression analysis was conducted to isolate
the best predictors of participation in continuing education. The seven
attitudinal variables and the two predictor models comprised the
independent measures. Responses ("Yes" or "No") to the question, "Are
you presently participating or have you in the past 12 months
participated in a deliberately planned program of continuing education?",
constituted one dependent measure. Responses on a 5 point scale, ranging
from "Not likely at all" to "Very likely" for the question, "In the next
5 years, how likely is it that you will participate in a deliberately
planned program of continuing education?", comprised the other dependent
measure. As shown in Table 1, the significant indicators of
participation, in order of significance, were: The Planned Participation
Test, the Groteleuschen and Caulley model, the Status Inconsistency Test,
and the Perceived Barriers Test.

As shown in Table 2, the Planned Participation Test, the best
independent measure if participation in current or recent continuing
education, was also identified as the best predictor of perceived future
participation in such a program. The simple r of .80 between the Planned
Participation Test scores and perceived future participation was highly
significant. Felt Need for Continuing Education was also a statistically
significant predictor of future educational propensity, but to a lower
degree than the Planned Participation Test.

Table 3 shows the inter-correlations of the five independent measures
identified as significant predictors of the two dependent measures.
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TA3LE I - SIGNIFICANT 4EASURES OF CURRENT (OR RECENT) PARTICIPATION IN A

PROGRAM OF CONTINUING EDUCATION

Independent Measure Multiple R R
2  

R
2 

Change Simple r*

Planned Participation Test .318 .101 .101 -.32
Groteleuschen and Caulley
Predictor Model .342 .118 .017 -.22

Status Inconsistency Test .354 .125 .007 -.05
Barriers to Participation
in Continuing Education .363 .132 .007 -.21

*Based on a dichotomous scale 4nere "I" = yes and "2" no

TABLE 2 - SIGNIFICANT MEASURES OF FUTURE PARTICIPATION IN A PROGRIV1 OF
CONTINUING EOUCATIUN

Independent Measure Multiple R R
2  

R
2 

Cnange Simpler

Planned Participation Test .801 .641 .641 .80
Felt Need for Continuing

Education .817 .668 .027 .13

TABLE 3 - INTER-CORRELATION NIATRIX OF SIGNIFICANT INDEPENDENT AEASURES OF
CURRENT (OR RECENT) AND FUTURE PARTICIPATION IN A PROGRA4 OF
CONTINUING EDUCATION

PLANPART
1  

GROTCAUL
2 

STINCTEST
3  

BARRPART
4  

FELTNEED
5

PLANPARTI 1.00 .35 -.07 -.32 .06
GROTCAUL

2  
1.00 -.10 -.38 .13

STINCTEST
3  

1.00 .08 .00*
BARRPART

4  
1.00 -.03*

FELTNEED
5  

1.00

I Planned Participation Test

2 Groteleuschen & Caulley Predictor odel

3 Status Inconsistency Tast

4 Barriers to Participation in Continuing Education

5 Felt Need for Continuing Education

* Not statistically significant froin zero.
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Conclusions. Tnose variables wnich proved to be most sensitive and
useful as predictors were the five identified previously. The
Groteleuschen and Caulley model, although living up to our expectations,
was not quite as sensitive as the Planned Participation Test. Still, it
should be retained for use in future studies. Tne Bonn Predictor model
and three of the composite variables used in the present study
(Willingness to Participate, the Stress and Dissatisfaction Test, and
Perceived Adequacy of Training) proved to be less sensitve and tnerefore
were not retained.

Useful future studies to isolate reliable predictors would include a
longitudinal study to iscover whether or not respondents gno perceive a
strong likelihood of participation in a continuing education program
actually do participate within five years. Mother useful study would be
to track the acadenaic performance of respondents in continuing education
programs subsequent to administering the predictor tests. A high
positive correlation between test scores and grades would reinforce the
predictive value of the tests.
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Composite Ratings as a Performance Criterion

Jonathan Warren
Consultant

Peter Newton
National Security Agency

John Bondaruk
National Security Agency

A continuing issue in studies of job performance is
establishing acceptable, useful criteria. Whether the purpose of
a study is to evaluate selection or promotion procedures, or
training effectiveness, or to compare different classes of
employees, the usefulness of the results depends heavily on the
accuracy of the criteria. In a long history of attempts to
improve performance criteria, behaviorally anchored rating scales
and behavioral observation scales are probably the most popular
current choices. Their use is accompanied by a concern for
specifying and rating separately the various components of
performance important in any given job. The separate ratings may
or may not then be integrated into a composite global rating.
The gains expected from being more precise in what we attempt to
assess have been disappointing. We may do better by being more
modest in our attempts to pin down a criterion with great
precision while paying closer attention to some of the mundane
aspects of human judgment. The rest of this paper describes such
an effort.

In a study of selection procedures in a large government
organization, a composite rating procedure for assessing job
performance was devised with attention to the practicalities of
recording accurate, thoughtful human judgments. First, since
large numbers of ratings were required, the demands on the raters
in time and effort should be reasonable. The process should be
quick and easy to avoid rater fatigue and loss of interest.
Second, the judgments asked for should be realistic,
understandable (within the frame of reference of the employees
rather than psychologists), clearly related to the job being
assessed, and should refer to performance normally observable by
the raters. Third, the ratings should permit the application of
multiple perspectives. The same qualities are assessed, perhaps
using the same form, but the judgments are made from different
assumptions, or for different stated purposes.

The procedure used called for the raters to make three
judgments about each of from six to twenty employees whose work
they knew. All three judgments referred to general or global
performance in a single job for which a detailed job description
had recently been established and which was well known by the
raters. An initial list was given each rater of up to 20
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employees he or she had recently supervised. Before starting the
rating process, each rater deleted the names of persons he or she
felt unable to rate and added others to a maximum of 20. The
avera'e numb-r of persons rated was about eight.

The instructions asked the raters to assume they were in a
newly formed organization in charge of hiring a number of new
employees for the job being rated. The persons hired were to be
productive immediately without further training. The raters were
instructed to identify the three persons on their list they would
hire first. Then they indicated the best person among those
three, and then the three next best from among the persons not
yet selected.

As long as at least six names were on the list, this process
selected the single most effective employee, two who were next
best, and three who ranked just below them. The remaining names
constituted a fourth group who trailed the others. Thus every
person on the list was ranked in terms of overall productivity in
the job, but without fine distinctions except at the top of the
order. Avoiding those fine distinctions, which are often
difficult to make and rarely infornative, is one way the process
was simplified and shortened without sacrificing good
information.

For the second task, the rateis were informed that they were
to select ten persons for their new organization from a pool of
about 100 applicants that included the persons on their list.
They were to identify any of the listed employees the raters
thought were so competent that they would hire them immediately
without bothering to check the qualifications of the other
applicants. This judgment, which is made fairly quickly,
indicates whether any or all of the persons rated are unusually
competent.

Finally, for their third task, the raters indicated on a
five-point scale their absolute judgment of the overall
capability of each listed employee. The five scale points were
labeled from "Barely proficient" to "Among the best I've seen,"
with similar descriptions for the three intermediate points.

The use of three kinds of ratings kept some variability in
them, balancing some of the advantages and disadvantages of
relative and absolute judgments. The first step forced the
raters to discriminate among the employees at four levels of
relative capability. The instructions for the absolute rating
scale informed the raters that they were not required to use the
full range of the scale, that they could rate everyone at the
top, the bottom, or anywhere else. Yet the discriminations they
had just been forced to make in ranking the employees no doubt
imposed some tendency to use more than a limited segment of the
scale.

The variability of the absolute ratings was quite good, with
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acceptable proportions of ratings in the lowest levels. On the
five-point absolute scale, the percentages of ratings from lowest
to highest were 3, 10, 28, 37, and 22. From lowest to highest
among the four levels of relative ranks, the percentages were 54,
22, 16, and 8. The ranks thus discriminated best at the upper
end of the distribution of performance, while the absolute
ratings discriminated well throughout the range but best at the
lower end. Slightly more than a third of the employees 37
percent) were judged capable enough to be hired immediately,
providing a coarse but quick confirmatory indicator of the
absolute level of performance.

About 700 supervisors judged a total of more than 5,000
employees who represented nine different jobs in five job
families, with at least 240 persons in each job. Almost 2,000
employees were judged by at least two supervisors; almost 400 had
been judged by four.

To estimate the reliability of the judgments, the employees
were grouped according to whether they had been rated by two,
three, or four supervisors. In a table with employees as rows
and ratings as columns, the placement of ratings in the rows was
arbitrary. Thus one of the ratings of someone who had been rated
twice could appear in either the first or second column. A
rating for someone rated three times could appear in any of the
first three columns. No one was rated more than once by the same
rater. The four columns therefore represented four independent
sets of ratings.

The level of agreement between all six possible pairs of
columns was calculated using gamma, a measure of agreement
between two sets of ranks. Median gammas for the absolute
ratings arid the relative ranks were respectively .47 and .37.
This procedure includes error attributable to the different
judges rating each employee, which reduces the levels of
interjudge agreement from those that would be reached if the same
supervisors had judged all the employees, a condition not
feasible with a large number of employees. For six different job
families, the median coefficient between absolute ratings and
relative ranks given by the same rater was .60.

With large numbers of employees judged by several raters and
each rater providing three separate judgments, a number of
composite ratings can be formed. A composite scale formed by
combining the three ratings by a single supervisor showed an
intraclass correlation coefficient of .75. The scale had a range
of 2 to 12, a mean of 8.1, and a standard deviation of 1.8.
Combining all three judgments by two sets of supervisors produced
a scale with a greater range and about the same reliability,
.77. Other composites produced reliabilities of .70 to .75, but
all required judgments by more than one supervisor. The three
different judgments by the same supervisor matched the
reliability of the best scale formed by the judgmerts of more
than one rater.
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The criteria were used in a validity check of a battery of
selection tests for employment. The predictors were tests of
cognitive skills that formed five factors--verbal ability,
reasoning, clerical ability, spatial perception, and knowledge of
science. For many of the employees, the tests had been taken a
number of years before the judgments of job performance were
made. Within the different job categories, multiple correlation
coefficients between optimal combinations of predictors and
multiple criteria ranged from about .20 to .45 with a median of
.28.

The validity coefficients for composite criteria formed from
the judgments of two, three, and four supervisors were .24, .26,
and .34 respectively. The numbers of cases in the groups of two,
three, and four supervisors were respectively about 2,000, 800,
and 400. As expected, combining the judgments of more than one
supervisor apparently increases the validity of the criterion,
although the gain may not be appreciable.

The best composite scale in terms of reliability and validity
was the six-element composite formed from three judgments by each
of two judges. virtually on its heels, though, with respect to
both reliability and validity, was the single-judge scale formed
from the three ratings. The probable tendency of judges to be
moe careful in their absolute ratings after having been forced to
rank the persons being rated, the greater sensitivity of the
ranks at the upper end of the scale and of the ratings at the
lower end of the scale, and the probable corrective influence of
the binary decision to hire a person immediately all may
contribute to the usefulness of the single-rater composite
scale. Its ease of administration is another important element.
All three ratings of as many as 20 persons could be made in about
15 minutes. The different perspectives the three judgments
require may provide a useful, global criterion of job
perfo-mance.
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MAXIMIZING CRITERION VARIANCE IN VALIDATION RESEARCH:
IS THIS ALWAYS BEST?

Captain Robert J. Angus
and
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Willowdale, Ontario, Canada

The Canadian Forces Personnel Applied Research Unit (CFPARU) is
responsible for conducting a continuing research program to maintain a
reliable and valid set of selection tests for use in the Canadian Forces

(CF). The selection test battery currently in use is the Canadian Forces
Classification Battery (CFCB), which was implemented operationally in
1981. The technical training courses, for which this battery is used to
select students, are continually changing; consequently the CFCB must be
closely monitored to ensure that the best students continue to be selected
to fill recruiting vacancies.

Criterion Data Collection System

Initial CFCB validation studies were conducted using training
performance criterion data collected specifically far that project.
Recognized limitations in the quality, consistency and comprehensiveness
of these one-shot data led to a decision to establish an on-going data
collection system, which would start to generate data at the same time as
the operational implementation of the new battery. This Criterion Data
(CD) collection system was set up to support periodic studies to
revaliate CFCB standards against basic trades training performance for
over 60 entry level occupations.

The CD collection system provided for the acquisition of standard
format training performance measureE on every graduate from CF basic
trades training courses (Ellis & Saudino, 1980; McMenemy, Amyot, & Enkurs,
1984). Implicit in the design of this system were two assumptions. The
first was that maximizing variance in the criterion measures would yield
better estimates of validity. The second was that the capacity to
identify, and exclude from the analysis, those trainees who were
unsuccessful for reasons unrelated to ability (i.e., motivational
failures) would similarly yield better validity estimates. Thus, steps
were taken to supplement readily available student computer records
consisting of pass/fail information, with more precise performance

The views and opinions expressed in this paper are those of the authors
and not necessarily those of the Department of National Defence.
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measures for both the passing group (which almost invariably represents
more than 90% of the sample) and for tha non-successful group.
Supplementary information for the passing group consisted of performance
measures such as class standing or course grade. For the non-siccessful
group, supplementary information was aimed at providing a means of
discriminating between failures related to lack of ability and those
related to lack of motivation.

The latter requirement was addressed by devising a system of
disposition and reason-for-disposition codes for use In conjunction with
automated tndividual training records. This required training authorities
to denote, within the automated training record, the disposition action
("release" from the CF, "reassignment" to a different trade, or "recourse"
to a later course serial), and the reason for non-success (lack of
ability, lack of mztivation, medical problema, etc.) for each non-passing
trainee.

Validation Studies

Based on this data collection system, a standardized approach to
constructing data sets and conducting validity analyses was established to
cycle through revalidation studies on various trades as the need to do so
was identified and/or as sufficient criterion data accumulated (Miller &
Angus, 1985). The validation model involves the identification of the
best CFCB single or composite predictor on the basis of a comparative
correlational analysis. Included in the model is a procedure for
selecting an appropriate cut-off score on the basis of a standard
contingency table reflecting success rates associated with an array of
selection ratios.

During the first of a series of revalidation studies based on the
new model (Miller & Angus, 1984), it was determined that the best CFCB
predictor for the trade under study yielded a validity coefficient of .31
(corrected for restriction of range). In constructing a selection ratio
versus pass-rate contingency table, it was expected that as the selection
cut-off s:ore increased, the "efficiency" of the selection process would
also increase (i.e., the percentage of students above the cut-off who
passed the course would rise in a similar fashion). However, this pattern
was not observed in the contingency table for this predictive validity
study. In fact, it was observed that the success rate (selection
efficiency) remained constant irrespective of the selection ratio used.
Further investigati-n of data from the 18 students who were unsuccessful
during this training revealed that nine of these trainees had achieved
predictor scores above the 40th percentile. Having already identified the
most valid predictor of training performance for this particular trade, it
was inconsistent that students with predictor test scores in the upper
part of the distribution should perform so poorly during training, if
their training problems were truly ability-related. In spite of the fact
that those nine students had much higher selection test scores than was
necessary to meet the minimum selection standard for this course (a
percentile score of 10), they failed to successfully complete the training
and were eventually classified as ability-related failures.
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Student "Reason for Failure" Misclassification

It is apparent that some or all of these nine students may not have
failed for ability--related reasons. Rather, it seems more likely that
they were incorrectly classified as ability-related failures, and should
have been assigned to a motivation-related failure category. If they had
been classified as motivation-related failures, their scores would not
have been included in these analyses since only those students who are
succeesful, or are unsuccessful for reasons attributable to ability, are
to ne included in the analyses. To examine this possible misclassification
issue, the total sample of trainees was rank-ordered by predictor test
scores, and those unsuccessful trainees falling above the median for this
whole group were identified as "potentially misclassified". Further
analyses were then conducted to determine the validity coefficients for
the following sub-groups of students:

a. all those who had passed the course;

b. all those who had passed the course less the nine potentially
misclassified students; and,

c. the group of 18 students who failed the course.

It was hypothesized that if misclassificatior had occurred, then
the fol owing results could be expected from these analyses:

a. the validity coefficient for the group who passed the course
should be greater than the validity coefficient for the full
group of trainees;

b. the validity coefficient for the full group less the
potentially misclassified failures should be even greater than
that of the passing group alone;

L. the validity coefficient for the group of unsuccessful trainees
should be very low since half of the group are students that
are potentially misclassified.

The results of these analyses are presented in Table 1. Examination
of this table shows that the validity coefficients are completely
consistent with the hypothesized relationsnips. Inclusion of data from
students who were unsuccessful on the course for ostensibly ability-related
reasons, instead of contributing positively to the precision of the
validity analysis, was detrimental to its overall accuracy. This fact is
demonstrated by an increase in the validity coefficient from .31 to .37 as
a direct result of the exclusion of records pertaining to failed trainees,
and an additional increase to .39 when only the potentially misclassified
(failed) trainees are excluded. Further, the validity coefficient for the
unsuccessful group of students shows that not only was the correlation
between their scores and performance on basic trades training not
significiantly different from zero, but the correlation was negative, or
in the OPPOSITE direction to what would be expected. In other words, the
inclusion of scores for misclassified failed students erroneously and
significantly decreasing the validity coefficient.
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Table 1

An Examination of the Change in
Validity Coefficients as a Result of Separating

Successful and Unsuccessful Trainees

Group n Corrected Validity Coefficient

All trainees 195 r - .31
Successful trainees only 177 r - .37

All trainees less the
misclassified group 186 r - .39

Unsuccessful trainees only 18 r - -.14*

Note: All correlations are significant (at the .01 level) except the one
designated by an asterisk.

Reasons for Misclassification

Misclassification in this situation is understandable if one
considers some of the circumstances specific to the CF trades training
system. ITe CF operates on a one person/one job basis, with very strict
and finite limits imposed on the numbers of personnel permitted within
each rank level in each trade. A recruit is therefore assigned to a
single, specific trade at the point of enrolment, ann only into a trade
for which a specified training vacancy is open at that time. Recruits
often don't get their "first choice" of trade, but may agree to enrolment
in a less preferred trade in order to gain initial entry to the CF.

However, the opportunities for post-enrolment reassignment to
anotner trade are relatively limited. If a trainee discovers, once trades
training has commenced, that the originally assigned trade is not a
vocation in which s/he can be happy or satisfied, there are few options
open in terms of changing trades. An outright request for reassignment to
another trade is in most cases not a:tioned, and until recently often
resulted in the trainee being released if s/he was adamant about leaving

the originally assigned trade. This was intended to prevent students from
requesting reassignment on a "whim" if the training in their present trade
was at a particularly demanding or stressful point, Early release from
the CF has not, in recent times, been an attractive option with young

trainees, who face the subsequent prospect of high civilian unemployment
rates.

The CF does Lry to accommodate those trainees who do their best and
work hard during trades training, but are unable (perhaps through a lack
of aptitude) to successfully complete the course. These trainees are
quite often recommended, by their course instructors, for reassignment to
another CF trade where they might have a better chance of success.
Consequently, it can be seen that trainees who appear to their instructors
to have the ability to succeed, but are simply not positively motivated to
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do so, are generally not considered good risks for retention in the CF in
any trade; while hard working trainees who lack the ability to succeed in
one trade are often recommended for reassignment to a different trade.

To the bright but vocationally dissatisfied young trainee, awareness
of these informal policies can logically lead him or her to the conclusion
that the route to reassignment involves convincing the instructor that, in
spite of his or her best efforts, the course material was beyond comprehen-
sion. Hence, it is possible that the student may intentionally fail his
or her initial basic trades training course, while purposefully avoiding
giving the appearance of not being motivated, in order to be recommended
for reassignment to another CF trade. Following from this, the course
instructor would likely assign buch a student to an ability-related
failure category, despite the fact the student failed because of a lack of
positive motivation to continue in his or her present trade, and not
because of a lack of ability.

While plausible, this scenario may seem to represent a rather
cynical view of the ethical standards of some of our more able enrolees.
Alternative explanations which are equally plausible are available. For
example, basic trades training instructional staff may be unable, or
perhaps unwilling, to identify the reasons for failure as being
motivationallv related. This could arise from a sense of unease about
passing judgement on the psychological or emotional make-up of their
students, or perhaps from an enlightened view that it is often not the
trainee's fault that the initial trade assignment decision was a poor
one. This view would hold that willingness to accept a less preferred
trade to gain entry is evidence of positive motivation towards military
service in general, and that this argues for retaining the individual if
possible. Cognizant of the impact that a "motivational failure" label may
have on the likelihood of retention/reassignment, the instructor may
deliberately, and for the best of reasons, misclassify the student as an
ability-related failure.

The above discussion points to the need to incorporate a wider
array of inputs into the trade assignment decision process. While
aptitude is an important element, non-cognitive factors such as vocational
interest, temperament, etc., play an important role in determining
training success. Rather than treating these factors as "error", and
removing them from analyses which are constrained by a narrow,
aptitude-based focus, steps need to be taken to standardize and
systematize non-cognitive inputs to the process so that matching the
person to the job is based on a broader and more complete picture of the
relevant factors.

It is suggested that the assumption that maximizing criterion
variance will invariably yield better empirical validity estimates tends
to be associated with this narrow, aptitude-based focus. The design of
this validity study was, in fact, a direct result of acting upon this
assumption, since it represents an attempt to maximize the number of
records in the data set, while excluding criterion data which were
"contaminated" by motivational influences. Improper identification of
trainees who should be included in the data set can occur for a number of
possible reasons. Whatever the reason underlying this phenomenon, it
seems clear that such misclassifications can and do occur.
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Tne measurement of non-cognitive variables which are relevant to

the selection/decision-making process is not, in itself, a particularly
difficult task. However, this class of measures is much more susceptible
to influence by environmental factors and to faking by individual
examinees than cognitive ability tests. This, in the same fashion as
aptitude tests, renders the incorporation of these measures into the
selection process highly problematic. The answer appears to lie in
improving the quality of the counselling provided as part of the
recruitment process. Organizational recruitment involves two related but
separate decision processes, that of the organization, and that of the
applicant. Cognitive tests clearly can and should play a major role in
the organizational decision about accepting a given applicant,-
Counselling relates to the individual's decision, and it is here that
motivational inputs are most relevant and most easily incorporated. The
CF Career Information System (Ellis, 1983), the US Army (JOIN) System, and
the US Navy Personnel Accessioning System (NPAS) are all attempts to
systematize and incorporate both cognitive and non-cognitive elements into
the total accessioning process. Until such systems are fully in place,
and reliable data on motivational factors can be collected, the narrow,
aptitude-based focus will likely continue to prevail. However,
motivational issues will nevertheless continue to impact on training
success.

Consequently, it is important co be aware of this potential source
of data contamination within the widely accepted practice of attempting to
maximize criterion variance when conducting predictive validity studies.
Is maximizing criterion variance always best? Yes, but only if those
records in the criterion data, that contain information on unsuccessful
trainees, are free of misclassification errors.
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Literacy, Readability and Knowledge

Frederick R Chang

Navy Personnel Rcsearch and Develop.ncnt Center
San Diego, California 92152

The fields of reading and reading instruction have been highlighted by a number of "great
debates " The most popular of the debates was the one made famous by Jeanne Chall (1967) con-
cerning the relative merits of phonics vs %hole-word decoding in reading instruction Another
debate, which has occurred in the military, has concerned the issue of whether or not the armed
services should provide basic skills instruction to those personnel who may need it (Sticht, 1982)
The papers in this s) mposium reflect elements of two other distinctions that I feel are important
to the issue of remedial education in the Navy The first issue concerns the distinction between
general literacy vs specific literacy, and the second issue concerns the distinction between read-
log "skills" and the content knowledge that readers possess I will comment on these two issues
briefly, and will describe sonie recent research that we have carried out that is germane to these
issues

General Literacy vs. Specific Literacy
The paper by Dr Moracco discussed the Navy's attempts to move from general literacy

training to more specific literacy training, and indeed this is a distinction that is fundamental to
this symposium The paper by Dr Idar discussed some of the policy implications of this change,
and I would like to focus my discussion on some of the cognitive aspects In teaching "general
literacy," one typically refers to the process of giving readers general reading skills that they can
then transfer to the reading of materials in many different content domains The teacher of gen-
eral literacy is seen as empowering the reader with a set of reading skills that will generalize to
the efficient reading of textual materials in any subject In general the public school system
teaches geneal literacy to its students In teaching "specific literacy," on the other hand, there is
the recognition that people read texts for specific purposes and in specific content areas The
specific literacy teacher attempts to teach the reader what he or she needs to know in order to
perform a given task Since it is generally held that it takes knowledge to get knowledge, it
therefore stands to reason that if you give instruction to a reader in a content area, it will be
easier for that reader to learn new information themselves in the content area Most civilian
adult basic education programs subscribe to some form of the specific (functional) literacy
approach

The clash between the approaches comes in dealing with the issue of remediation Basic
skills training in the military has had strong supporters on both sides of the issue (see Sticht, 1982
for a review) The detractors from the specific literacy approach claim that in teaching students
about specific domains, the students will not acquire the necessary skills to read efficiently in all
domains in which they will need proficiency The fear is that the students will be artificially
"propped up" in a part.cular domain, only to fail, miserably, when asked to read in another
domain The supporters of the specific literacy approach to remediation point out that general
literacy 'raining for children in the public schools and general literacy training for adults in the
armed services are quite different Children in the public schools have many years to gain literacy
skills, young adults in the military do not Given that one knows quite well the sorts of literacy
tasks that young adults in the military are to perform (i e , reading for learning or reading for
doing something), then it makes sense to provide basic skills instruction in the context of the
specific literacy task After all, in general literacy students are sked to read in man,, different
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content areas, why not have them reading i. the domain in which they will be working'

The debate will not soon be settled, but it is interesting to ask the question What is learned
in general literacy? The answer to this question is certainly most complex, and can be addressed
at many different levels At the lexical level, though, it is certainly the case that one goal of gen-
era! literac) is to provide readers with a large enough vocabularv so that they can read in many
domains Nagy and Anderson (1984) have argued convincingly that it is simply not possible for
people to obtain the vocabulary that they have through direct instruction in vocabulary There
zre simply too many words, it would take too long It seems reasonable to suppose then, that
much vocabulary is acquired by reading in many different content areas (Nagy, Herman & Ander-
son, 1985)

How much vocabulary is needed to read in a variety of different content areas? An analysis
of the vocabulary used in many different publications reveals that relatively few words are used
most commonly. A variety of different word lists have been assembled that contain the majority
of the vocabulary in common usage The different lists are naturally quite similar, and contain
relatively few root words (a few thoisand) It is generally found, that these words account for the
large majority of general use in many popular documents It was of some interest to me to com-
pare a general literacy text, with a specific literacy text to see what proportion of the words con-
tained in each, appeared on a common word list That is, ,t is of interest to know if general
literacy texts contain a vastly higher proportion of common vocabulary than specific literacy
texts If so, then one might argue that students in reading specific literacy texts might not be
exposed to and learn the common vocabulary needed for efficient reading in other domains For
the general literacy text I chose the comprehension paragraphs from the Gates-MacGinitie reading
test level D The Gates-MacGinitie test is one of the most widely used tests of general literacy in
the United States and is the general literacy test administered to all Navy recruits For the
specific literacy text, I chose some passages from the Experimental Functional Skills Program
reading assessment battery The general and specific literacy texts contained roughly the same
number of words For the common word list, I selected the 4908 most frequent words on the
Kucera and Francis (1967) list (These words corresponded to a frequency of occurrence of 20 or
greater)

The results were that 86% of the words on the general literacy text were on the common
word list, and 90% of the words on the specific literacy text were on the common word list This
is an interesting finding and suggests that in general most of the words from both texts are ones
that are used most commonly The 14% that are not, from the general text, presumably derive
from some particular content area (after all, all the paragraphs on the Gates-MacGinitie test are
about some domain) Similarly, the 10% of the words from the specific text that were not on the
common word list are presumably specialized Navy words An implication from this very informal
finding is that, at least at the lexical level, perhaps much of what is thought to be learned only in
general literacy is also learned in specific literacy

Processing Skills vs. Knowledge

Another distinction, closely relatod to the general versus specific literacy distinction, con-
cerns processing skills used in reading versus the knowledge that the reader has of the domain to
he read Research in experimental psychology has been dominated by a concern for the process-
ing skills used in reading The concern has been both methodological (e g , Chang, 1983, Kieras
and Just, 1984) and substantive (e g , Crowder, 1984, Gibson and Levin, 1975). One outcome of
the emphasis on processing skills has been that some of the findings from the basic research
laboratories have been interpreted fairly literally into tramirg approaches with sometimes nega-
tive results One example of this outcome concerns the finding that good readers, in general,
exhibit very different eye movement patterns from poor readers Good readers 1) make fewer eye
movements per line, 2) have shorter fixation durations, and 3) make fewer regressive eye move-
ments, than poor readers On the basis of these findings, several eye movement training programs
were developed The thinking was that all that one needed to do was to train the poor readers to
move their eyes ti reading just like good readers, and the poor readers would then be reading just

554



like the good readers Naturally, such training failed miserably (see Gibson and Levin, 1975)
This example is not meant as an indictment against the study of basic reading processes -

clearly such study is important However, the emphasis on the study of reading processes has lead
in part to the development of some "process oriented" remedial reading programs For many
readers, these programs hase not been successful The more general lesson to be learned from this
is that process differences between groups or readers do not necessarily translate well into instruc-
tional programs Such process differences may be only symptomatic of more profound differences

In recent years, there has been an increasing emphasis in cognitive science research in the
study of the importance of knowledge in cognition More and more studies in cognitive psychol-
ogy treat prior knowledge not as a nuisance variable to be eliminated in the study, but rather as
the important variable to study In part, the recent emphasis on knowleage based research has
been spurred on by developments in artificial intelligence research In researchers attempts to
make computers smart, they have found that knowledge of the domain plays a critical role (Barr
and Feigenbaum, 1984) This agrees quite racely with the finding that expert and novice human
chess players do not differ in general processing skills (i e , short term memory processes), instead
they differ in that expert chess players have a great deal of highly organized domain specific
knowledge about chess positions Increa-ingly, researchers in reading and reading instruction are
recognizing the importance of studying the prior knowledge of the reader, (e g, Chiesi, Spilich
and Voss, 1979, Kieras and Johnson, 1984) and recognizing the importance of the tradeoff between
processing skills on the one hand and knowledge on the other and what the implications are of
this tradeoff to remedial training

Knowledge and Readability
The concepts behind the functional reading assessment battery, described in the paper by

Dr Sticht, have been extended for use in estimating the reading demands of documents I will
briefl) describe some exploratory research that we have done (this work was done in co;laboratioi
with Dr Sticht), as it begins to shed light on the role of prior knowledge on reading and readabil-
ity

Readability researchers have for many years been interested in determining ways to best
match readers to documents That .s, the goal has been to provide a way to select a document for
a reader so that the document is not too difficult (or too easy) for the reader to comprehend The
result of the research has been among other things, the development of many different readability
formulas (see Kare, 1974 for a review) Very briefly, the formulas attempt to relate surface struc-
ture characteristics (e g , sentence length and word length) of the document to comprehensibility
It has been found empirically that these characteristics are correlated with measures of
comprehensibility (doze tests, multiple choice tests etc ) While there have been many criticisms
of these formulas (e g, Duffy, 1985) they continue to be used

One major problem with these traditional formulas is that they treat all readers identically
That is, a given document is presumed to be equally comprehensible to all readers regardless of a
reader's prior knowledge of the subject matter Clearly this is a profound problem Therefore, the
goal of our research was to assess the influence of prior knowlidge on the comprehensibility or a
document and to develop new readability formulas that take account of this prior knowledge

We studhed a sample of 296 Navy recruits who had taken the Navy knowledge test as part
of the functional ieading assessment battery (described in the paper by Dr Sticht) This test does
not involve redng any paragraphs, subjects are simply asked questions about the Navy, thus the
test measures their prior Navy knowledge Based on the results of this test subjects were broken
into four groups (of roughly equal size) that reflected performance on the test Group l's (low
knowledge) performance was lowest on the knowledge test and Group 4 (high knowledge) was the
best Groups 2 and 3 were intermediate

All groups read eleven different Navy related passages For three of the passages subjects
performed a reading-to-learn task (the multiple-choice questions had to be answered from
memory, the passages were not available for question answering), and for the other eight passages
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the subjects performed a reading-to-do task (the passages were aiailable for consultation in
answering the comprehension questions) In the preliminary results reported here, all eleven pas-
sages were collapsed into a single analysis, in a later report we will break these apart

We performed a standard readability formula analysis (see e g, Caylor, Sticht, Fox & Ford,
1973) but we did it separately for each of the four knowledge groups For each knowledge group
we determined the reading grade level (RGL) required to comprehend each passage at the 70%
level (a linear interpolation method was used to determine scaled RGL) Then four different sur-
face structure features of the passages were used to predict scaled RGL average sentence length,
average word length, proportion of content words and average content word length The four
different formulas differed primarily in their intercept and were combined into single formuia that
contained surface structure components and a knowledge component

The results are clear in showing three general trends 1) in general, the more readers knew
about the domain, the easier the passages were to comprehend, 2) traditional readability formulas
will overestimate the readability demands of a passage for those who have some prior knowledge
in the content area, and 3) prior knowledge accounted for more of the variance in the prediction
of comprehensibility than did the suiface structure features

Using the new knowledge-based readabilty formula the estimated reading difficulty of each
pasage was computed for each group (the estimates are in RGL units) The estimated difficulty
averaged over all passages is presented in Figure I for the four knowledge groups That is, for
each knowledge group the figurc shows the estimated RGL needed to comprehend the passages at
the 70% level The solid line at the top of the figure shows the estimated reading difficulty of the
same passages by the standard DoD Flesch-Kincaid readability formula (Kincaid, Fishburne,
Rogers & Chissom, 1975)
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Consider the low knowledge group One can see that the estimated reading difficult) 'or the
low knowledge group is almost identical to the reading difficulty estimated by the Flesch-Kincald
formula This indicates that in considering readen with very little prior knowledge of the content
area, the standard DoD readabilit) formula predicts actual performance relatively %ell However,
as prior knowledge of the content increases one can see that the traditional formula consistently
oerestimates the ROL needed to comprehend the passage Thus, the traditional formula treats
all readers as if thej have little or no knoaledge of the domain If the reader does know some-
thing about the domain, then a given document will be easier to comprehend than would be indi-
cated in a traditional formula

In computing the knowledge-based readability formula we found that the surface structure
variables accounted for roughly 26% of the variance in predicting the scaled RGL values The
knowledge %ariable. on the other hand accounted for about 43% of the variance Thuis, the
knowledge Nariable accounted for a substantially greater proportion of the variance, and this
difference was statistically reliable

The claim has been made in this research that the more readers know about the domain to
be read, the easier a passage is to comprehend It should be pointed out that readers in this stud)
evidently did indeed read and extract information from the test passages and did not simply
answer the comprehension questions without reading the passages An indication of this comes
from the fact that overall performance on the Navy knowledge test (no reading passages involved)
collapsed over all groups was 47% while test performance based on the reading pasag-s was 74%
Thus, the information extracted and learned from the passages accounted for a sizable increase in
test performance

It should be emphasized that these are only preliminary results, and that much work needs
to be done However these finlings are potentially extremely important We have demonstrated
that prior knowledge of a content area has a large effect on the comprehensibility of a particular
passage, and we have been able to quantify that effect in a precise way We have also developed
a technique that can be used quite generally to assess the role of prior knowledge in any domain
and incorporate ,he knowledge influence into a readability formula The new technique will allow
us to construct a variety of different formulas, based on different measures of prior knowledge, to
assess the readability of both technical and instructional documents In this way we will be able
to match better, readers to documents taking into account what the readers already know about
what is to be read
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The work on readability was done in collaboration with Dr Thomas Sticht, a more formal, co-authored paper
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the role of knowledge in cognition and to Dr Edwin Aiken for helpful cc ments on an earlier draft of this paper Thanks
are due Tami Lopei for assistance in the data analysis
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The XFSP: Reading and Mathematics Project

Thomas Sticht, Louis Armijo. Natalie Koffman, Kent Roberson
US. Naval Postgraduate School

In an ongoing program of instructional development, the authors and other colleagues
from the Naval Postgraduate School and the Navy Personnel Research and Development
Center are developing 45 hour developmental reading and mathematics programs for the Navy
under sponsorship of the Chief of Naval Education and Training. The programs we are
developing will replace programs being offered by some dozen contracting organiaztions
world-wide. The contractor programs are "generar in their orientation, whereas the programs
we are developing arc [lay-related, and they are oriented to assist enlisted personnel meet
requirements for career promotions to lugher paygrades and responsibilities.

In this paper, which will focus on the XFSP (Experimental Functional Skills Program):
Reading, I will first discuss the conceptual framework for the development process, including a
simple model of the haman cognitive system and the concept of functional contxt training.
These conceptua frameworks help to give the development process broad, general directions.
In this regard, they provide what is typically missing in current instructional systems design
(ISD) a ethods, and that is a view of human cognition and the conditions for its use that can
provide heuristics for needs assessment, task analysis, and program design.

Following the discussion of the underlying concepts for program development, I will
briefly describe the program we have developed as it stands at the present time, and then I will
describe the assessment test battery we have developed to assess program effectiveness. Finally,
a small scale study to compare the Navy-related reading program to the general reading
program offered by a local contractor is described.

Human Cognitive System Model

In conducting the development of the XFSP. Reading program we have worked from a
stripped-down, simplified model of a human cognitive system and the processes the system uses
for extracting and representing information in the environment. The model is schematized in
Figure 1. The model contains three mayor components, two of which are *inside the head', and
the third component which is 'outside the head' and includes various information displays
produced by or comprehended by the cognitive components. The latter include the knowledge
base , which is a long term memory that contains all the information and knowledge possessed
by the person, and the processing skills , including language, that operate on the information in
both the knowledge base and the external environment to produce comprehension,
communication, and thinking. The model as depicted in Figure I is of one who possesses both
oracy and literacy information processing skills. The literacy processes include all those used to
recode written language into internal forma comparable to those used in oral language, and, in
addition, to perform all those literacy tasks that are not instances of writing as a second
signalisg system for speech. The task unique to literacy are those made possible by the
properties of graphic displays: they are more or less permaneni (thereby permitting study), they
can be arrayed in space (permitting the construction of forms, signs, flow charts, graphs, etc.),
and they can use the properties of light (contrast, color) to guide attention and facilitate
information processing.

According to the model of Figure 1, then, the performance of literacy tasks requires
knowledge about what one is reading or writing (including mathematics knowledge when
reading in that domain), processing skills for thinking about what to communicate or for
comprehending what others communicate; and, of course, graphic displays of information in
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the environment to be processed for meaning. An important implication of this analyss is that
it reveals that literacy, considered as the ability to comprehend and use the graphic symbol
systems of writing, graphtng, illustrating, mathematics, and so forth, can be enhanced by
improving either one's knowledge base in a given task domain, or one's processing skills,or, as
to the case of improving the readability of materials, through the redesign of the graphic
information dtsplays the coOtive system must deal with, or a combination of these factors.
Use of this conceptual framework in determining the learner's needs in literacy programs is
illustrated later on. following a discussion of thefscnional conext approach to instrictional
design that has undergirded the XFSP:Read program development actiities.

The "Functonal Context' Concept

Along with the simple cognitive model of Figure 1, we have followed what is known by
some as the 'functional context' approach to education and training development (Shoemaker,
1967). The essence of this approach is contained in two major goals for instruction. First,
always try to make the instruction as meaningful to the learner as possible in terms of the
learner's prior knowledge. This facilitates the learning of new information by making it
possible for the learner to relate it to knowledge already possessed, or to make it possible for
the learner to transform old knowledge into new knowledge. Second, as much as possible, use
the materials and equipments that the learnec will wse after training or education as part of the
instructional program. This will motivate the learner by showing that what is being learned is
relevant to a future goal, and it will promote transfer of learming from the classroom to the
next training or 'real world' activity. In short, the functional context method of instructional
design attempts to motivate and promote learming and trausfer by making the program
meaningful in terms of the learners past, present, and future.
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The XFSP: Read Program

The XFSP: Read program was developed following the guidan-e of the concepts descibed
above applied in studiea of what kinds of tasks Navy personnel perform using reading skills in
training and job settings. In this research, students, instructors, and job performers in ten Navy
jobs were interviewed and asked for-information regarding two major types of reading tasks:
reading-to-do something and reading-to-learn something. In a reading-to-do tusk, the person is
performing some job task, needs some information from a document, looks-up the information,
holds it in working memory long enough to apply it, and can then forget it. In a reading-to-
learn task, the person reads information to be stored in long-term memory as part of the
knowledge base, and then retrieves it (or a reconstruction of it) for use at some later time,
such as taking an end of week test, or for performing a task on the job.

The interviews with personnel revealed that reading-to-do and reading-to-learn were
performed to about the same extent in school situations, but on the job reading-to-do
comprised about three-fourths of the reading tasks. It was also found that the processing skills
performed in reading-to-learn were moe complex than those used in reading-to-do. Whereas
the latter emphasized information location and extraction skills, such as use of tables of
content, indexes, 'thumbing' or *fipping* throngh or searching tables and figures, reading-to-
learn involved more elaborate activities to merge new information with old knowledge. The
primary reading-to-learn processes were categorized into four groups: (1) reread or rehea
processcs, in which learning was accomplished by rereading some portion of the material, or
was repeated in some way over again to oneself; (2) queston/Moblem solve proccscs, in which
learners asked themselves questions about the ma:eril, or solved problems in textbooks; (3)
relate/associate processes, in which the learners transformed what they read into some other
form, either by paraphrasing, making internal images, watching a movie or demonstration and
relating what they had read to the new information gained from these "iconic or "relia'
information displays (see Figure 1); and (4) focus attention or2SERue, such as highlighting iith
colored pens, underlining, summarizing or some similar methods for focusing attention on a

limited aspect of the material, usually in conjunction with a reread or rehearse activity [a-er
on.

The interviews also revealed the role of the knowledge base to performance of reading
tasks. For instance, it was found that close to 60% of job tasks involving reading ha; been
performed previously, and for about half of the 325 reading tasks cited by the sample of 178
personnel, additional reading related to the task had been performed, and for two-thirds of
these cases, the related reading helped in reading the material cited in the interview (see
Sticht, 1977 for a more complete dcscnption of this work).

The Career Progression Reading Program

On the basis of the foregoing research and zdditional study of the reading demands of the
Navy environment, we have designed and developed a reading program that has a functional
context for Navy personnel in that the program uses Navy content derived from materials they
must study to pass promotion tests, and the information processing skills are of immediate use
to them. Most of the students are "mid-level literates, with reading skills in the 6th to 10th
grade levels, and most have had one one or more years of duty, and so they are able to relate
their knowledge base to the content of the course.

The instructional program is designed to be delivered either by a teache, ssing paper-
and-pencil materials in a classroom, or by a teacher, paper-and- pencil materials and computers
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in a classroom, or in a learning center using computer-based instruction alone. Figure 2 shows
the teacher., book-, and computcr-based instructional clissroom delivery system that is the
central model for the delivery system. The basic course is three weeks in duration t ,' students
attend for three bour. a day for a total of 45 hours of instruction (the time for instruction was
specified by the Navy Campus office) The books include a special reader, which, based on the
model of Figure 1. we call a Navy Knowledge Base. This reader contains extracts and revisions
from the technical manuals that personnel must read and learn from to pass promotion tests or
perform higher level duties. The contents were selected because they contain the information
that is on the practic,- tests in the manuals and are deemed important by the Navy
management.

The second book is called the Information Processing Skills book, and it is modeled after
the processing skills component of the model cognitive system. This book presents lessons and
practice in performing various processing skills for reading-to-do and rading-to-learn tasks
using the Navy Knowledge Base book. The goal here is to present externally a knowledge base
and processing skills to serve as didactic tools few talking aout the interaL knowledge base and
processing skills and to hence make students aware . their cognitive sy,',-.-% and how to app'"
them to doing and learning literacy tasks

Tuacir Send loymueu M C_ . %.1y

week I -ink2 wk 3

- Nay Kaaiedv Ban

per-it the tweas o unuma specias t t oapersonale__h____m__oo,__nd__oach___o_
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The computer based instruction consists of public and private domain programs %as serve
as sort of 'electronic workshccts thai the teacher can assign students to do while he (.r she
works with other students on a small group basis. The computer software was selected to
permit the teacher or curriculum specialists to personalize the instruction, and so each program
has an editor feature that permits one to nter content works or paragraphs for the specfic
literacy domain they wish to teach. The Lasesi, Word Attack~, Speed Reader. Word Prep, and
Ghallenging Analogies programs all have a game format that operates automatically on the
content that is edited into the program. The Private Tutor is sold by IBM and is a very
ineensive, easy to use authoring system for preparing indivdiual lessons or entire computer-
based instructional courses.

Figure 3 shows the computer-based instruction that has been developed for use in a
learning center as a stand-alone, self-paced instructional program. The program has two
Strands, each providing about t5-20 hours of instruction depending upon the reading skill level
of the user. The Strand I material contains content approprtate for saile-"'~eking promotion
to lower level supervisory positions, while the Strand 11 material is prima-y for those seeking
higher level promotions (these are only approximations, since some conten-, are useful across
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the board in both strands). The bottom part of Figure 3 shows the processing skills taught in
both strands of the computer-basd instruction.

Functional Reading Assessment Battery
In addition to the fifttionai. Navy-related, standardized teacher-. book-, and computer-

based instructional programs, we have also developed a new reading test battery to test Navy-
related reading skills (reading-to-do and reading-to-lean) as well as Navy knowledge. The
latter, that is, knowledge gained, is rarely measured in reading progams because reading is
considered as a content-free, prccesi skill. But the cognitive mod, of Figure 1 makes dear that
knowledge of what one is reading is required to make reading comprehension possible. So we
are assessing the improvement in knowledge as a function of participation tn the functional
reading program. Ftgurr 4 summarizes features of "traditional reading tests and Our new
'functional reading battery.

An Evaluation Study
In a small evaluation study, the improvement of a sample of students who took a

.general* reading program offered by education contractors was compar~d to the improvement
of students in our 'functional' reading program on three tests: a general reading test that gives
grade levels of performance, our Navy reading-to-do test and our Navy Knowledge test (the
reading-to-learn test was not available at this time). The results are summarized tn Figure 5.
The data show that, in general, people tend to learn what they are taught. The 'general'
reading program did better on the general reading test, but this did not transfer to the Navy
reading and knowledge tests to any significant degree. The Navy-related reading program, on
the other hand, resulted in only a little improvement on the general readint test, but made
consistent improvements where it counts for Navy personnel, that is, in their NWy .- drn and
knowledge.

-i.

........ ,.
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Fure Tasks

At the present time we are polishing up the XFSP.Read materials and packaging them for
implementation and further evaluation. We have also started the development of an
XFSP.Matheniatics program based on the same general conceptual framework distsaed herein.
Finally, we have initiated some exploratory study of the me of the new Navy reading
assessment battery in developing an approach to estimating the reading demands of Navy
training and jobs using the reading-to-do and reading-to-leam tasks as separate criterion
variables, and including Navy knowledge and other knowledge domains as variables in the
predictor along with the more traditional passage-based variables (eg., word and sentence
length) used in readability formulas.

Reference

Shoemaker, H. (1967). The Functional Context Method of Instruction.
HumRRO Professional Paper No. 35-67, Alexandria, VA: Human
Resources Research Organization.

Footnote Colleagues who have worked on ove or more aspects of this project include Drs. R.
Weitzman; Frederick Chang; William Montague: and Monique Allen; Joan Molleur; Susan
Wood, Jim Joe!,on: Jim Powers; Tom Kasten; and Otto Kruse. Project Monitor is Dr Judy
Moracco of CNL.TITTI.
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A CONCEPTUAL FRAMEWORK

FOR OCCUPATIONAL EXPLORATION

John J. Pass, PhD

Navy Personnel Researcr and Pevelopment Center
San Dieco, California 92152-6OPP

Tntroduction

The need for imprcvc. c.iLecinction O :,ilitary career
information for purposc ef occupational c-xploration and
person-Job matchirg (PJ :) has 1mm boon pparent. Ui th the
advent of voluntary fcrccE, tL( %j2:tar% ,as removed from
automatic consie~ration in tic a ter .IonE of the nation's
youth. The problem has Leer. to rrovde vounaO .cple with the
means of career exploration in or('er to cocuaint them with the
benefits of military trainino ane] carccr opportunities.

Basic Components

Essentially, an occupational explcration system must
include: (1) pprsonal assessment procedures to measure the
individual along a number of cognitive and noncogitive dimensions
in order to provide selection information to the organization and
enhance the individual's self-awareness; (21 occu~ational
information that is accurate,, timely, sufficiently comprehensive,
and personalized to the individual; and (3) a bridging mechanism
between personal information and 3ob information that might
include a vocational guidancc or counselinc process.

The final design of any occupational exploration system will
be determined by its purposes, the constraints of cost and
technology, and the ingenuity of the designer, Fioure 1
illustrates some examples of the types of information that could
be included. rirst, there arc the individual dimensions or
attributes to be measured. Second, there is the occupational
information that would be useful for an individual to use in
gaining some understandino of reouirements and conditions of
occupations or careers. Thire, typical search strategies that
are useful in the attempt to match the individual characteristics
with organizational and occuational raouirements are shown.

Search stratecies are a rjticc! corponent of an occuFational
information system, one that coscrves careful consideration,
Upon the search strategy rest many of the systesm's time and cost
requirements. Foually as important is the effect of the search
strategy on the person-3ob match. Any effective procedure for
matching persons with 3obs must take into account both individual
and institutional characteristics, Individual characteristics
include abilities, preferences, interests, and goals.
Institutional characteristics include priorities, ob~ectives,
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training program vacancies, an(. persorncl recuirements. An
effective search strategy, then, cnable, a narrcwing down of
alternatives so that information is developed or presented for
those occupations that are test suited to the individual.
Ultimately, the search strategy conduces to a tentative choice of
an occupation or an occupational field.

System evaluation is an additional component of an
occupational exploration system. This can prove to be an
important element. One part ot this component can be a program
that seeks to obtain user evaluation of the system. A series of
multiple-choice questions may be administered on-line to assess
general satisfaction ith te guidance process and the
interacLively programmed corputer system. Other, more formal
evaluative research con also be emploveo. Ttie information from
both sources can bc usec a tbeac' to helr improve the system.

APPLICANT OCCUPATIONAL
ASSESSMENT INFORMATION

-Aptitude -Job Pcouirements
-Interests -Ttainina Provided
-Medical Evaluation -Physical Pemands
-Work Experience -Career enefits
-Career Raturity -Job Openings

SEARCH STRATEGIES

-Accessing Occupational
Information

-Matching Personal
and Occupational
Characteristics

-Carrowing of Optlons

SYSTEM EVALUATION

-User On-Line Evaluation
-Interview
-Impact Pvaluation

Figure 1. Occupational Exploration System

Cuirent Situation anu Prospects

Unfortunately, although teo neoc has been recognized for
many years, occupational inforrtion is freouently scanty or
outdated, and difficult to access. Plany times, there is a lack
of individual assessment methods so that personal considerations
can be dealt with. Furthermore, current occupational exploration
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systems in both civilian and -litccy settinas are often notably
deficient in provision of cccuratc end comrrchensive rilitary
occupational information.

However, there are a nunber of bricht apots in this settinq.
One of them is computerization. Computerization offers a major
hope for amelioration of the Ceficiencies in availability and
accessbility of accurate, tiicl,, .nc Fersonalized occupational
information. Computers can provide immediately scored
self-assessment instruments, dldactic courinelina materials, and
comprehensive, up to date, repidly retrieved, personalized job
information. Computers can dcliver :,tandardized occupational
information to the 3ob applicant, thus mnimizinq or at least
limiting the introduction of infer-iation bias. Individuals
benefit from complete infcrration znd impartial cuidance in
selectinc an occupation, an( Courselorr are freed of the need for
broad and current knowledoe of militar% occupations and training.

Furthermore, in the civilian comrunity, the past generation
has witnessed the development ot e>cellent computerized
occupational information systens. And, more recently, reliable
military career inforration has een redo available under the
sponsorship of The Office of Tihe tesistant Secretary of Defense
(FM&P), in support of a ,olicy a.vocatine improved oueidance ane
counselinq, and the provision ot nenOst, accurate military career
information to high school an6 collcce stucents as well as to
prospective enlistees.

The Military Setting

Within the military research community, there is progress in
the practical evolution of systems end technioues to accomplish
those ends, with the desigr and development of systems and
techniques that have wide applicability in a variety of civilian
and military settings. Let me cite a few examples that
incorporate various components shown in Figure 2 above.

In FY75, the Navy Personnel Pesearch and Development Center
(NAVPERSRANDCEN) beqan work on an advanced developmental efiort
called Project CONTRACT (Computerized Pavy Techniques for
Recruiting, Assignment, Counseling, and Testing). Two products
of CONTRACT were the development and demonstration of a
computerized system called the Navy Vocational Information System
(VIS) and the development of an optimal personnel assignment
algorithm for use with the computerized entry level job
assignment systEs employer hv tne Pavy.

One research objective of t'VIS was to develop a prototype
interactive computerized occupational information system that
would provide young men and women with personalizeo occupational
guidance and a list of related civilian and Navy jobs that
demonstrated a good catch Leturen thcir own attributes and
typical job requirements.
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NVIS databases contained information on 279 civilian 3obs,
114 worker trait groups, 79 entry level Favy occupations, and
m re than 100 speciaiized I'avy 3obs. NVIS maintained an
interactive dialogue with the user via a cathode ray tube.

INIS proved to be the nrecuroor to an expanded Navy
occopational information syster because an outqrowth was the
conceptualization and advanccc (.evcopr'ent of a nicrocomputer
based person-3ob matching syste7, another protot,pe computerized
vocational guidance system calle6 AGPFA (Automated Guidance for
Enlisted Navy Applicants).

AGENA used interactive riocramrinc co lead the person
through a logical, tbouqht-nrovokino dialocue that introduced the
system and equipment; proceedec. trrouch preliminary apritude
screening; progressed, via learnirc how to plan for a career and
discover personal interests and aptitudes; and ultimately
explored a number of Navy entry-levol occupations that matched
personal interest and aptitudes, %,ith the opportunity to assess
the availability of options in a rather wide timeframe.

Within the broad function of person-job matching, three
subfunctiont were supported in the AGFNA system: (1) aptitude
screening; (2) vocational cuilancc; and,, (3) assionment
prediction. AGUA took personal and organizational factors into
consideration and, coupleo vit information on when the
individual wanted to enter thF Navy, detereined which entry level
jobs were most appropriatc for ,ectina individual and
organizational considerations. Tbt rvailaLl!t' of these
entry-level assionments W1a inoicac. for a three-month
timeftame.

AGENA information on the entry- evel :avv jobs was available
in two formats. The abbreviated version, designed for video
terminal display, included five sections: () general
description, (2) related civilian ]obs, (3) qualifications, (4)
working conditions, and (5) Navy opportunities. An extended
description, available in hardcopy as an option, included all
sections of the abbreviated description plus three additional
sections: (1) what the people in the ratino do, (2) sea/shore
rotation, and (3) the training provided by the Navy.

The substantial contribotions Navy training can make to total
career development discusse6 in A&EFT, along with a brief
discussion of the general value of Pavy training and experience.
On-line access to Civilian Occupations Dataoase cave descriptions
of civilian occupations (or clusters of occupations) related to
the Navy assignment opportunities on the video display terminal
and a hardcopy output from the printer. Descriptions of civilian
occupation included: (1) general description, (2) oualifications
and training (3) pay wan workirn -onditions, (4) employment
outlook, and (5) related N'avy ,obs. Finally, a brief discussion
of additional benefits of Navy enlistrent (e.o.,meoical benefits)
was included.
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AGENA was shown in a demonstration version in the fall of
1981. Subseouently, NAVPFRSRADCCE' undertook supportive R&D for
the Army Joint Optical Information Fetwork (JOIN). The purpose
of this research was to design, develop, test, and incorporated
in the JOIN system, a computerized vocational guidance system,
and to develop other capabilities includino computerized adaptive
screening and assignment predition. Products of that effort have
been incorporated into JOI: or crc under further development.

To the list of military laborator. efforts in the area of
occupational information systcrs wovl. nove to be zdocd the
important work being carriec on by the Canedian Forces Personnel
Applied Research Unit, in Toronto. Their Cancdian Forces
Information System offers severcl c:ccllcnt e>.amples of the use
of the components outlinee a-ovc, ncluclinq orientation vioeo and
realistic job preview.

However, the examples 1 have civen were to illustrate the
incorporation of the various eloeents or components into a system
that delivers accurate and consistent military occupational
information in a user friendly way.

Conclusion

There is growing interest and progress in military
occupational exploration. Uhile rany issues remain in the
development of such a system e.c., level of occupational
infoimation specificity, decree of automation., and the location
of the system within the orcanization), these issues tend to be
more easily resolved once the ob3ectives for the system are
established. We can certainly envision two clear objectives: to

increase the awareness of militar, carocr options; and to conduce
to more optimal person-job matches that will enhance 3ob
satisfaction and productivitrv while decrcasing attrition and
personnel turbulence.

The potential payoff of pursuing this R&D area in terms of
increasing the numbers of military applicants and decreasing
attrition definitely warrants additional effort. Work is moving
ahead on the conceptual design of a comprehensive computerized
vocational guidance system that assists the job seeker in self
exploration, provides accurate and consistent occupational
information, and helps in relatinq personal characteristics and
occupational choices. To enhance awareness of military career
options, and make military 3ob training a viable element of
career planning to be seriously considerer, by those entering the
work force, is the goal of these orojects.
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Development of the Career Maturity Assessment

Esther E. Diamond, Ph.D.
Educational and Psychological Consultant

Evanston, Illinois

Introduction

Many recruits enterin, ,litary service have not engaged in thoughtful
career planning, or adecjptely assessed themselves, or sought, located, and
assembled career information, or developed an appropriate set of vocational
cooing behaviors. Consequently they are not yet ready to make informed
occupational choices.

To assist recruits in the career choice procrss, the design, development,
and pilot testing of a career maturity assessr e; (CMA) instrument was
undertaken, for eventual incorporation into a Computerized Vocational
Guidance (CVG) system for use in recruiting. CiA scores would determine the
point in the guidance sequence to which applicants would branch.

Background

As Cr;tes (1973) has pointed out, prevailing views of vocational behavior
before the 1950s were almost entirely nondevelopmental. Vocational
decision-making was considered to be a time-bound, largely static, one-time
event, which usually occurred upon high school graduation, 'when an
adolescent took stock of himself and the world of work and then decided
what he was going to do' (p. 5). Super's seminal worK in vocational
development theory (1953,1957) was among the first to introduce the concept
of career maturity, defined as the readiness of an individual to make
career decisions expected at a particular age. He defined the term further
as "..the repertoire of coping behavior leading to outcomes...a
developmertal rather than an outcome construct' (1974, p.11). That
decision-making plays a major role in vocational development has been
undercored in the work of most major career development theorists (e.g.,
Super, 1984; Ginzberg, 1984; Crites, 1973, Osipow, 1983). In general,
self-concept or self-knowledge and decision-making skills appear to be
common elements in most of the research reviewed. In developing the C1iA,
then, these concepts were the major focus.

Instrument Development

The Navy Personnel Research and Development Center (NPRDC) specified that
CIA items should be written at the sixth-grade reading level and should not
exceed 30, with maximum administration time of five minutes; faze validity
should be high; responses should be true/false or Likert-type; scoring
should permit dichotomous reporting of results; scale reliability should be
at least .65; and the instrument should be validated against a suitable
commercially available instrument.

Following review of the related literature, a pilot version was
constructed, with items drawn from a number of sources, including the
literature review, the author's professional experience in dpeloping a
number of career guidance programs, and the objectives and results of the
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National Assessment of Career and Occupational Development (National
Assessment of Educational Progress, 1976). The CiA at first consisted of
38 items, to permit later elimination of any that proved unsatisfactory on
the basis of item statistics.

Three responses were possible for each statement: Y (Yes, the statement is
generally true), N (No, the statement is generally not true), and )
(Uncertain). The Y and N responses had a score value of 0 or 2, depending
on the particular item, while question marks had a score value of 1.
Following are three examples of the items:

I envy people who don't have to work.

I am afraid to try new things.

I have a good idea of my interests and abilities and how they
relate to different occupations.

Variables

The total score on My Vocational Situation (MVS) (Holland, Daiger, & Power,
1980), a 26-item vocational decision-making instrument with three scales,
was selected as the criterion variable.

To study the validity of the Q$M for subgroups, classification variables
were collected for age (under 25, 25 and over), gender (male, female), and
level of education (less than high school graduation, high school
graduation, some college, four-year college graduation).

Sample

The samplp consisted of U.S. Army recruits from nine forts across the
country. The total number tested was 405 (323 males and 62 females), but
because of errors in the administration, not all recruits completed both
the CIA and the MVS. Ct' answer sheets for 401 recruits and MVS answer
sheets for 304 recruits were analyzed.

Data Analysis

The 401 tAt cases had either no missing responses or less than 25% missing.
Missing responses were coded as I and scored as a 1. For purposes of
calculating individual item contributions to reliability, only cases with
no missing responses (348) were used. For the MVS, 304 cases were used.
Intercorrelations were obtained between all variablps. Alpha was computed
for total CMA and MVS and for CQA with eaci item, in turn, deleted.

Pesults

Correlation between total QtA score and total MVS score was .75, indicating
a strong relationship between the CMA and the criterion measure, with more
than 56% of the variance (.75 squared) accounted for. Alpha was .83. To
reduce the total number of items in the CMA, the individual item data
described previously and the correlations with total score were examined.
The four items with the lowest correlations with total score and whose
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elimination would increase alpha the most were dropped. NPRDC agreed to
let the instrument stand at 34 instead of 30 items. A second data analysis
was then run.

Alpha for the revised CMA increased to .85, and correlation with total IVS
increased to .78, indicating an even stronger relationship than before,
with 60 percent of the variance (the squared correlation of .78, which is
equal to .6084), accounted for. Total score mean was 51.04, the median
53.02, and the mode 54. The cutoff was set at the median, 53.

The mean for females was higher than that for males, and there was very
little difference between means for the two age groups, although the older
group scored higher. Means increased with educational level.

Summary statistics for the total t1A sample, based on the 34 items, are
presented in Table 1. Table 2 gives means and standard deviations by
gender, age, and educational level. The z-ratios computed for the
differences between uncorrelated means showed no significant differences
between males and females, age groups, or educational levels. Table 3 gives
intercorrelations with tVS, gender, age, and educational level.

Table 1

Summary Data for Total Career Maturity Assessment Sample
(N=401; highest possible score = 68)

Mean 51.04 SD 10.73
Median 53.02 SEmeas .54
Mode 54.00 Skewness - .75

Table 2

Career Maturity Assessment Means and Standard Deviations by
Gender. Age, and Level of Education

Variable N Mean SD
(By Gender)

Male 319 50.51 10.97
Female 82 53.08 9.52

(By Age)
Under 25 364 50.56 10.62
25 and over 37 55.75 10.76

(By Level of Education)
Less than HS grad 57 48.68 11.68
HS grad 205 50.33 10.82
Some college 125 52.41 10.00
College grad 14 58.63 7.04
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Table 3

Intorcorrelations of Career Maturity Assessment (CiA) with My Vocational
Situation (tf/S). Gender. Age, and Educational Level

MUS Gender Age Ed Level
CMA .78** .10* .14** .17*
MVS .08 .13** .11*
Gender .05 .18*
Age .29**

*p < .05
**p ' .01

Discussion and Recommendations

The CMA demonstrated several characteristics that support its potential
usefulness as an indicator of career maturity. Reliability is .85.
Correlation with the MVS indicates that it probably measures the same
construct and that both concurrent and construct validity could be
inferred--to the extent, at least, that they can be inferred for the IS.
Holland et al (1980) describe the MtS as having 'a moderate degree of
reliability and promising validity' (p. 1). The latter is described as the
construct validity of the three HUS scales--Vocational Identity,
Occupational Information, and Barriers. For total MtS score for the sample
tested with both the IUS and the CIA, alpha was .88. The two ;nstruments
are intended to measure the same kinds of vocational needs or problems on
the part of the respondent. Since the CMA score distribution was negatively
skewed, with the mode higher than the median and the median higher than the
mean, one might conclude that the items were not too difficult for most
recruits to read and understand.

There are preferable ways of determining the face validity of the items and
of setting the cutoff score. Budget and work-time restrictions, however,
precluded such activities as the use of judges for determining face
validity; administration of a longer, better-researched criterion measure
than the IUS; factor analysis to study the construct validity of the CiA;
and use of a standard-setting procedure such as the Angoff, Nedelsky, or
Ebel methods (Livingston & Zieky, 1982) for establishing the cutoff score.
These activities are suggested as recommendations for future, continued
development.

In addition, the reliability of the dichotomous decision will need to be
obtained empirically after the cutoff score has been in operation for an
adequate period of time. The decisions made at various points above and
below the cutoff will need to be examined to determine whether those who
eally need help with vocational decisions are being identified and whether
false positives and false negatives are at an absolute minimum.

Furthermore,since the C(A has no subscales that might indicate specific
problem areas (as in the ItS), there is a need to identify the kinds of
problems that individual recruits havp with regard to vocational
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decision-making--for example, obtaining a better picture of their abilities
and interests, locating occupational information, clarifying their goals,
resolving value conflicts, or improving their decision-making skills. It
may be possible to identify such problems through the CVG program. Recruits
should also be given the option of asking for help if they feel they need
it, regardless of whether they are above or below the CMA cutoff score. In
fact, keeping track of such requests might prov3de still another way of
checking on the accuracy of decisions based on the cutoff.

One last word should be said about setting the cutoff score at the median:
Fortunately, the decision involved is not capable of having adverse impact
on those below the median. The score will not be used for employment or
promotion decisions. Its use should be entirely benign, both from the
service's and the individual recruit's point of view; and, of course, it
should be experimental unt'l such time as policy and further research
sanction its operational use.

Note: Financial support of this work by Battelle Scientific Services
Program, in partial fulfillment of contract DAAG-81-D-0100, is hereby
acknowledged. The vi.ws, opinions, and/or findings contained in this
report are those of the author and should not be construed as an
official Department of the Navy position, policy, or decision, unless
so designated by other documentation.
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Inter-service competition and the consequences of rivalry among
the various branches of the armed forces are legendary. Nevertheless,
there are instances of highly productive, cooperative efforts that
conserve precious research dollars and shorten the time line between
conception and implementation. An excellent example is the research
and development conducted by the Navy Personnel Research and
Development Center (NAVPERSRANDCEN) in support of a new computerized
system being developed by the Army for its recruiting forces.

Background

For nearly a decade, NAVPERSRANDCEN has held a leading position in
the development of prototype automated systems that have direct
arplicability to military recruiting. Previous efforts of this
research laboratory have resulted in a number of innovative products
such as mobile van-based computerized military occupational
information systems, complex algorithms that predict entry level job
openings for periods as long as three months, and the Navy's
automated classification and assignment system.

In the late 1970's NAVPERSRANDCEN began work on a sophisticated
computerized system for the Navy Recruiting Command (NAVCRUYTCOM).
This was the Navy Personnel Accessioning System (NPAS) (Baker,
Rafacz, & Sands, 1983a). It addressed a broad range of concerns at
the recruiting station level; i.e., at the most forward terminus of
recruiting operations. Subsumed within NPAS were components that
harnessed the power of the microcomputer to the tasks of applicant
scre ning, vocational guidance, assignment prediction, and recruiting
management support (Baker, 1983; 1985b).

A demonstration version of this system was completed in 1981.
Notwithstanding the successful development of this prototype, funds
were unavailable for further prosecution of this effort. In addition,
NAVCRUITCOM had no immediate plans for automating its recruiting
station functions. Consequently, the NPAS project was terminated.
Nevertheless, the body of expertise that had been built up in the
course of developing the NPAS system held excellent potential for
application in other arenas of personnel systems research.

Gearing up for the aggressive recruiting that will characterize
the next several years, the Army launched a bold, innovative program
to streamline and improve its recruiting and accessioning methods.
The United States Army Recruiting Command (USAREC) is the proponent
and developing agency for the Joint Optical Information Network
(JOIN) System which is in the forefront of this effort (Bryan, 1982).
Research and technical advisory services are being provided by the
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U.S. Army Research Institute for the Behavioral and Social Sciences
(ARI).

JOIN, a stand-alone microcomputer-based system, is in many
respects similar to NPAS, while being technologically superior by
virtue of advanced microcomputer capabilities. It has been
implemented in Army recruiting offices nationwide. In the course of
the recruiting process, Army enlisted applicants directly interact
with this state-of-the-art accessioning system.

When the Army became the first to apply the benefits of automation
to the front line recruiter, the opportunity for rapid inter-service
technology transfer became apparent. Research managers of both
laboratories became aware of a mutual R&D opportunity; one that could
more swiftly advance the Army's project, while keeping intact a Navy
research group with a proven track record. Accordingly, ARI proposed
that the NPAS research team work on the JOIN System under ARI
funding. The vehicle for this inter-service cooperative effort was an
inter-laboratory agreement which provided for a 3-year effort
beginning in FY82, and terminating on 30 September 1984 (Sands, Gade,
& Bryan, 1982).

Task Areas and Products

Five major task areas provided the focus for the efforts of the
Navy research group. Both in-house and contractor resources were
enlisted in the ensuing work. Some of the products resulting from
this project were directly adaptable from previous Navy innovations,
while others represent new endeavors on the part of both
laboratories.

Antitude and adaptability screening was a task area where
significant accomplishments were soon evident. The paramount result
was the development of the capability to administer, score, and
interpret a computer-based adaptive test for screening enlistment
applicants. The specific product was the Computerized Adaptive
Screening Test (CAST), which was designed to replace a conventionally
administered paper-and-pencil instrument. Its purpose is to indicate
probable success or failure on a comprehensive test battery used for
applicant selection by all the armed services.

Test items had previously been developed under a NAVPERSRANDCEN
contract with the University of Minnesota. Algorithms for item
calibration, adaptive item selection and administration, scoring, and
interpretation of test results were either developed or adapted from
those extant in the psychological literature. An experimental version
of the test had been completed for NPAS (Baker, 1983a; 1984a); and it
proved readily portable to the Army's JOIN system.

Computer software to support the administration, scoring, and
interpretation of the CAST on a developmental microcomputer system
was written and documented (Baker, Rafacz, & Sands, 1983b).
Subsequent to field testing and data collection (Sands & Rafacz,
1983), data analyses and instrument refinement were completed. CAST
was refined and programmed to operate on the operational
microcomputer system. When it was implemented nationwide on the JOIN
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System, CAST became the first large scale operational use of
computerized adaptive testing (Sands & Gade, 1983).

Thereafter, NAVPERSRANDCEN researchers continued to serve in a
consulting role, assisting in program modifications required to
interface the CAST with existing computer programs in the JOIN
system, and modifications that permit on-line data gathering for
further test validation.

Also developed under this task area was an instrument designed to
assess military adaptability. This instrument is based on a values
congruence approach in contrast to the more common method of
empirically linking biodata with tenure. It was pilot-tested on a
sample of recruits (N=540). The result was the identification of four
items that discriminate between adaptables and nonadaptables. While
further validation is indicated, an instrument of this type could be
inserted into the automated screening procedures with little impact
on applicant processing time or on the recruiter-applicant
interaction.

A second major research focus was vocainal uLdance. The
ob3ectlve here was to conduct preliminary research in the design of a
computerized vocational guidance (CVG1 system that would be
compatible with the Army recruiting environment. NAVPERSRANDCEN
experience in developing interactive, user-friendly guidance systems
proved to be a valuable and transferable resource.

Literature review, interviews with system developers, and hands-on
appraisal were combined in a survey of available CVG systems,
assessing their adaptability to Army recruiting purposes. The study
produced preliminary indications of the components that would be
ueeded in a recruiting-oriented CVG system. It concluded that it
would be infeasible to adapt any extanL system, and recommended
development of an automated system specifically tailored to the needs
of military recruiting and accessioning (Baker, 1984b).

Subsequently, work on a conceptual model of a recruiting
compatible CVG system was initiated. A ma3or step in developing such
a system is detailing the organizational and operational constraints
that would impact its design. Consequently, a study was undertaken
and its results reflected in a report addressing these issues (Baker,
1985a).

Additional studies in vocational interests and values and theii
assessment delineated the many issues and controversies surrounding
these areas of psychological concern, as well as the availability of
appropriate instrumentation. Efforts to identify a suitable
vocational interest inventory for administration to Army applicants
at the recruiting station led to recommendations for the Vocational
Interest Career Examination (VOICE) (Alley, 1978) as the most
suitable inventory available.

An instrument to assess the career maturity of enlistment
applicants was also developed (Diamond, 1985). In use, this
instrument will determine whether an applicant requires more or less
guidance in occupational exploration. It will also indicate to the
recruiter the strength of applicant job preferences, thereby
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assisting in focusing the sales interview with applicants whose
strong enlistment motivaticn is job training. The instrument is being
considered for incorporation into a JOIN-based system that is being
designed to provide Army job information to students in community
colleges.

Attention was directed within this task area to the preliminary
classification of Army entry level occupations according to the
Holland coding schema (Holland, 1973), and to a study of the
feasibility of using expressed preferences in a recruiting-oriented
CVG system. The occupational classification will facilitate job
exploration and the elicitation of preliminary job choices. Expressed
preferences may prove to be a method for rapidly focussing the
classification interview, as well as demonstrating that applicant
preferences are in fact being considered.

Work in a third task area, _eguitiq_ sought
to enlist the computer in lightening the recruiter's clerical task
load. NAVPERSRANDCEN had developed several automated forms and
reports generation capabilities as part of the NPAS effort (Baker et
al., 1983a). Here again, technology transfer opportunities were
obvious.

Interviews with Army recruiters and recruiting managers, and
previous experience in the field were employed in assessing needs for
forms generation, reports generation, and general word processing.
Preparation of the Application for Enlistment (DD Form 1966), a
multipage document, is a major administrative burden within the
recruiting process. Information needed for creating an applicant file
of data to produce the DD Form 1966 was determined and functional
requirements for a computer printer which would generate the form
were specified. Interactive computer dialogues, and complementary
printout capabilities for the DD Form 1966 were developed, tested,
and demonstrated.

To enable Army automation specialists to begin the task of porting
the software to the operational system, documentation was expedited
and delivered to ARI and USASC concurrently. A program for an
experimental "free-form" automated Application for Enlistment
(capturing the same personal data as the DD Form 1966 but printing
out on plain paper) was also developed and documented.

Sales technology is an integral, indeed vital, part of the
recruiting process. The objective in this fourth task area was to
develop an automated methodology for assessing enlistment motivation.
Interviews with recruiting managers led to selection of the paradigm
already employed in the Army recruiter's sales package as the basis
for instrument development.

The product of this task area is a formalized technology for
employing an established Army sales technique. When automated, and
incorporated into a recruiting sales presentation on the JOIN system,
this instrument would determine an applicant's dominant buying motive
(DBM), i.e., the strongest motives toward enlistment. This
information would allow the recruiter to focus on the appropriate
features and career benefits, quickly tailoring the sales
presentation to the applicant.
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A fifth and final task area was that of personnel is15__qn .
Using expertise gained in the development of NPAS and other automated
assignment systems, coupled with information gained through
interviews with Army recruiting and automation managers, the research
team determined the required developmental efforts to interface the
JOIN system with extant and planned Army-wide computer networks. This
study highlighted the problems inherent in developing an
assignment-prediction system, one that would provide information on
entry level job openings and produce more optimal person-job matches.

Conclusions

This inter-labo-atory cooperative effort proved very fruitful.
Several applicant assessment instruments were developed, tested, and
refined. One is already in operational use in the recruiting milieu,
and in itself represents a milestone in computerized adaptive
testing. Other instruments are being evaluated for further validation
and possible inplementation. Studies that are critical to the design
of recruiting compatible automated systemb were completed and their
results made available to the research and operational communities
through a number of working papers, technical reports, professional
papers, and journal articles. A number of software packages were
completed,

Necessary groundwork has been accomplished in a wide variety of
research areas: on this base, the Army can develop enhanced
capabilities for the JOIN system more rapidly. Because the recruiting
operations of all the armed services are similar, products of this
effort have high potential for further inter-service technology
transfer. Endeavors such as this are exemplars of a developing trend
within military personnel psychology R&D: maintenance of
service-specific expertise bases, allied w'th decreasing research
parochialism (Wiskoff, 1985). In sum, ths project dramatically
demonstrated the value of inter-service cooperation, an excellent
example of the leveraging of the government research dollar.
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Measures of vocational and occupational interest have been used in
selection for Army enlisted occupations for many years. In this paper we
will describe how such measures have been used in the recent past, reiew
current Army research which will link such measures to performance in Army

jobs, and identify critical issues that must be resolved in order for
interest measures to be effective in a selection and classification pro-

gram.

The Army's Use of Interest Measures in Selection/Classification

Use of vocational interest measures for classification into Army
training was part of the Army's selection and classification for enlisted
personnel from 1958 until 1980. The Army Classification Batteries, fol-
lowed by the Armed Services Vocational Aptitude Battery (ASVAB) Forms 6

and 7, included forms of the Army Classification Inventory (ACI), which
contained sentences describing activities with which an applicant could
agree or disagree. Four scale-scores were obtained from each applicant:

Combat,, Administrative, Mechanical, Electronics. These scale-scores were
incorporated with ASVAB cognitive ability subtest scores to produce Apti-
tude Area (AA) composites. For example, the Combat AA included both abil-

ity and interest measures. Empirical data supporting this use had been
provided by the developers of ACB-73 (Maier & Fuchs, 1972). Interest
measures were dropped from the Army enlisted classification system with
the introduction of new ASVAB forms in October of 1980.

The Army's current Project A is, among other things, the largest
selection and classification research effort to date. The initial func-

tion of Project A is to validate the ASVAB against Army performance. An
additional aspect of Project A's mission is to develop new predictors
which will cover attributes that the ASVAB does not. ASVAB is more than
adequate for selection into Army training (McLaughlin,, Rossmeissl, Wise,

Brandt, & Wang, 1984). What we are more concerned about is classification
and, in addition, performance on the job, successful completion of the
first tour, and reenlistment eligibility. To that end there has been

IThe views expressed in this paper are those of the authors and do not

necessarily reflect the view of the U.S. Army Research Institute or the
Deparment of the Army.
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developed an evolutionary model of predictor space. This model conceves
of predictor space as having three components. First, the cognitive-
perceptual component includes measures of verbal, quantitative, and spatial
abilities. Next, the perceptual-psychomotor component includes perceptual
speed and accuracy, short-term memory, multi-limb coordination, and move-
ment judgment. We have developed a mini-battery for this component which
is administered on an IBM-compatible microcomputer with a custom-designed
response pedestal. Finally, the non-cognitive component covers both
biographical/temperament (personality) and vocational interest measures.

The evolution of this modei of predictor space has been firmly an-
chored to data, as follows. Project A has so far completed research on a
first cohort of Army enlisted personnel, those entering in FY 1981 and
1982. The second cohort includes those soldiers who entered the enlisted
service during FY 1983-1984. It includes both longitudinal and concurrent
components; the longitudinal is included in the concurrent. Fir the lon-
gitudinal effort, we developed our first test battery, the Preliminary
Battery, from readily available, off-the-shelf paper and pencil measures
of cognitive and non-cognitive attributes. We administered the Prelimi-
nary Battery prior to training, to soldiers in four selected MOS, from
October 1983 through June 1984. This year we obtained measures of train-
ing success and early attrition for this sample.

This summer, we are testing the concurrent component of this 1983-84
cohort with a second, new battery, in conjunction with a full complement
of performance measures. We havc added another 15 MOS, and the percep-
tual-psychomotor component of predictor space is being evaluated with
micro-computers. Data collection should be complete by late November,
1985. While we have no analyses completed for what we are calling the
Trial Battery, we do have some information about its immediate fore-run-
ner, the Pilot Trial Battery.

A complete longitudinal effort is planned for the FY 1986-1987 co-
hort, to begin sometime next year. There will be the Experimental Bat-
tery, which will be much like the Trial Battery, to be administered to
soldiers entering training in each of our selected MOS. Subsequently, we
will be administering the appropriate performance measures to these sol-
diers. At the same time, we also plan to evaluate the performance of
second-tour members of our 1983-1984 cohort.

Reslts for the Preliminary Battery

The Preliminary Battery included the Air Force Vocational Interest
Career Examination (VOICE), which assesses 18 oasic interests (Alley &
Matthews, 1982). Because of the research on the Holland hexagonal model
of vocational interests, we investigated its appropriateness. We fac-
tor-analyzed both the items and scales of the VOICE. We were able to
recover the 18 basic interest scales quite nicely from the item factor
analyses (Hough, Dunnette, Wing, Houston, & Peterson, 1984). We were able
to find the Realistic group of occupational interests, but all the others
clumped mostly into one group. In hindsight this made perfect sense. The
majority of occupations in the enlisted military service are Realistic in
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nature, as they are jobs in the skilled trades. There are a handful of
Investigative occupations, some Conventional, and some Social occupations.
For virtually no occupation in the enlisted ranks does the Artistic or

Enterprising label fit.

What evidence was there of criterion-related validity for these in-
terest measures9 Available criteria were existing training grades and
early attrition (status as of December 1984, or an average of one year of
service). For training, the cognTtLve tests of the Preliminary Battery
appeared to have some predictive power, although the coefficients were not
large and not much larger than those obtained for the ASVAB. The attri-
tion analyses are currently incomplete. This criterion will be especially

hard to predict because the early attrition was fairly low, about eight
percent. While some of the VOICE scales were significantly related to
attrition in each of the four MOS, tne correlations were quite low. Tne
coefficients for some of the biodata/temperament scales, which evaluated
aspects of socialization, were higher than those for interests. The do-
main of causes for discharge in the Army extends from "disciplinary"
through 'for good of service" to "unsuitable unknown." It is likely that
early attrition in the Army, particularly that through the Trainee Dis-
charge program, may be more disciplinary than anything else. Thus, the
predictiveness of tho socialization scales is understandable.

The VOICE scales were not related to any great extent with th other
measures evaluated, including the ASVAB. It is likely that as various
criteria mature (later attrition, re-enlistment) or are administered as
part of the Project A data collection (commitment, effectiveness), these
early measures of vocational and occupational interests will have a better
chance to demonstrate what they can do.

Results from the Pilot Trial Battery

The Pilot Trial Battery was field tested during the fall of 1984.
Soldiers supplied data to evaluate the properties of the battery, includ-
ing test-retest stab:lity. We called our interest measure here the "Army
VOICE," or AVOICE. We obtained this by starting with the VOICE, cutting
back items on most of the 18 scales while adding scales for Army interests
which are not duplicated in the Air Force, such as Infantry, Armor/Cannon,
Science/Chemical Operations.

Psychometrically, the new instrument worked well, except that the
factor analyses yielded the same pair of factors as before. For the Pilot
Trial Battery, these factors appeared to be described better as "Combat"
and "Combat Support," rather than "Realistic" and "Non-Realistic." This is
a matter of taste rather than substance, as there is confounding of terms.
The Combat occupatiops are Realistic while the Combat Support occupations
cover the other five corners of Holland's hexagon. But, thnis is, we judge,
the occupational reality of the Army enlisted world. The reliability and
stability of the interest scales were excellent, in the .80's and .90's.

There were no performance criteria available for this sample, but we did
inspect the overlap of the interest measures with the remaining components
of the Pilot Trial Battery and the ASVAB. The intercorrelations between
AVOICE scales and other scales were generally low.
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Preparing the Trial Battery from the Pilot Trial Battery consisted
mainly of cutting back, so 'hat a 6-7 hour battery was reduced to one

requiring less than four hours. The AVOICE in the Trial Battery being

administered now includes 176 items and takes about 15-20 minutes to ad-

minister. It will provide scores for interests in 22 Army occupations.

Issues in the Operational Use of Interest Measures in Selection and
Classification

We see at least five major issues to be confronted in determining
when and how to use measures of vocational interests in selecting and
classifying for military enlistment. The first four are clearly technical
while the last is more of a policy issue which can be informed by our
technology.

First, the complete hexagonal model of Holland's vocational interest

theory appears to be inappropriate for predicting performance in Army
occupations. We tend to forget the context-sensitivity of models. The
domain of Army jobs maps onto only a portion on the theorized hexagonal
interest space, mainly that corner called Realistic. All of the other Army
jobs, which could be characterized as involving interests from the Inves-
tigative, Social, and Conventional corners, appear to clump together. At
this t:me we do not know whether this simp~e differantiation will provide
all the predictability possible, given the available criteria, or whether
further distinction into occupational scales eill be warranted. But, it
is clear that approaches using a complete Holland model will have linted
applicability for the spectrum of Army enlisted occupations.

Second, the selection of appropriate criteria for vocational inter-
ests to predict is a major concern. Should criteria be those we consider
as maximal effort, such as job knowledge tests and hands-on measures' Or
should they be typical effort types of measures, such as notivation

9 
We

really need to know more about these criteria. One of the goals of Pro-
jec,. A is to improve our conceptual understanding of the criterion space.
This is clearly a worthy and necessary goal.

Third, how shcild predictors and criteria be used9 The primary func-
tion of any inte"est measure is to direct the individual towards some
occupations and away from others. That is, the object is classification.
Regardless of the specific criteria, there are questions about the form of
the predictors to use. Should we use scores from occupational scales, or
should we use factor scores? Should we use single scores, or do we need
to investigate configurations, or profiles9 How should we combine inter-
est measures with measures from other domains, such as the cognitive9 It
could be that positive interest in a specific area can compensate, to some
extent, for lower ability for that area (Matthews, 1982), What are the
characteristics of the sample sizes, the psychometric properties of the
measures, that must be present for us to be able to make any kind of de-
finitive statement concerning such claims?

Fourth, what exactly are we trying to predict: Success or avoiduce
of failure? This is the more complex issue concerning the fact that the
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Army, and perhaps most employers in general, cannot always use people in
what those people are best at. For example, one of the MOS in Project A
is the Combat Medic. We have administered a complete battery of perform-
ance measures to several hundred Combat Medics so far in addition to the
Trial Battery. However, at this point in time the United States is cur-
rently not in any general armed conflict, and there is little opportunity
for these soldiers to practice their training in any realistic environ-
ment. Some of thea may be working in maternity wards while others spend
most of their time in the motor pool. We find it difficult to understand
exactly how an interest in medical activities, absent other information,
will be predictive of important criteria for these soldiers. Other exam-
ples are possible. How should interest measures be used in such cases

9

The fifth and final issue concerns where in the enlistment process is
it most appropriate to use interest measures

9 
In the All-Volunteer Army,

they may be more appropriately used by the recruiter. Should they be used
in a mandatory or advisory way' Perhaps this is a technical question as
much as are the other four: Are interest measures more predictive, of
whatever criteria we can come up with, in whatever psychometric fashion
determined effective, when these measures are used in an advisory fashion
rather than a mandatory one

9

This report has provided a brief description of how the Army is in-
vestigating the use of vocational interests in predicting performance in
Army jobs. ProJect A will be providing vast amounts of data Yhich will
better inform our use of these measures. However, this use may be com-
plex. The empirical data will, we trust, point us towards better use,
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What is Army recruiting doing in the vocational guidance busipess9
Surely, the Army can find more efficient ways to meet its manpower needs.
This point of view is no. unreasonable and might find much support, espec-
ially among the other services. But the Army is considering the feasibility
of providing career vocational guidance (CVG) via the JOIN system. This
paper addresses the overall approach currently being pursued by the Army
Research Institute (ARI) and the Army Recruiting Command (USAREC). First,
the rationale for the project is discussed, and a description of the compo-
nents of the vocational guidance package follows. The feasibility research
now being conducted with the American Association of Community and Junior
Colleges (AACJC) is briefly described and is followed by a look at what fu-
ture research might be pursued.

Program Rationale

Anyone familiar with career vocational guidance knows that automated
caree information delivery systems (CIDS) are available in many schools and
employment centers. There are states that have such systems available at
little or no cost to residents. In fact, the military services are consider-
ing providing software that would allow high schools to use the Armed Services
Vocational Aptitude Battery (ASVAB) as the ability measure for the most often
used automated delivery systems. There is even some consideration being giv-
en to developing a DoD CIDS that could be deployed across the country to
encourage young people to take the ASVAB and to consider joining one of the
military services.

The Army began planning to develop its own service specific vocational
information system before DoD began to examine the possibility of providing
its own program in career vocational guidance. And the Army is still consid-
ering the feasibility of an automated system of its own. The main reason for
continuing this work is simply that the Army has the most difficulty of all
of the services in meeting its manpower needs. Another compelling reality is
that the recruiting environment is becoming increasingly competitive in that
the Army has to vie with the other services, as well as an increasing number
of private sector employers. A third reality is that the pool of the na-
tion's young people is shrinking and will not begin to increase until the mid
1990s. Finally, the Army has the automated means (JOIN) to prepare a tai-
lored sales package that would greatly benefit is recruiters, not to mention

IThe views expressed in this paper are those of the authors and do not
necessarily reflect the view of the US Army Research Institute or the
Department of the Army
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other possible deployments of the system, as in high schools or two year
collageo.

Aside from the sales advantages to be derived from improving the JOIN
sales Dackage with career information and vocational measures, the Army re-
cruiter would be able to direct or funnel applicants more systematically by
using occupational groupings rather than being asked about specific jobs and
and having to soft pedal or evade the issue of specific jobs or particular
kinds of job training. The Vocational Guidance package would have available
to it groupings of skill clusters developed by the Army Recruiting Command,
rather than particular military occupational specialties, so that the prospect
could view more generalized job information. Therefore, the applicant could
see a realistic preview of relevant jobs via JOIN videodisc prsentation
without also being predisposed to a particular Job, upon which he might pre-
dicate enlistment. If the other services and DoD approved, the Army might
also be interested in including the Military Occupational And Training Data
(NOTD) as another resource for its vocational gaidance package, which col-
lapses military jobs across the services and does a crosswalk with civilian
jobs.

Anatomy of the Army Career Vocational Guidance (CVG) Package

The CVG package being developed for the JOIN system will be compatible
with the current JOIN software, replacing some components and adding other
components. A brief description of the JOIN system is included for those
readers unfamiliar with the system. The Joint Optical Information Network
(JOIN) is a Z80 based microprocessor with 64k RAM, I/OS operating system
with two double-siled five and one quarter inch floppy disc drives. The JOIN
system includes a keyboard, color monitor, dot matrix printer, modem, and
videodisc player. The videodisc player is under random access control
through the JOIN system. The system is employed by a recruiter with a pros-
pect to determine the individual's needs, interests, wants, as well as to de-
termine the prospect's likelihood of qualifying for enlistment. The systea
also presents information about Army jobs, benefits, and enlistment options.
The JOIN system is currently deployed at almost all Army recruiting stations.

The Career Maturity Assessment (Diamond, 1984) is being considered for
inclusion in the Army's CVG package, The instrument was developed for the
Naval Research and Development Center and provides a score that indicates
whether an individual is ready to make reasonable career decisions or not.
Though there is disagreement about what the actual career maturity dimensions
are, Super (1974) suggests that career maturity is the readiness to make
reasonable career decisions at giver decision points in career development.
He describes career maturity as the congruence between a person's vocational
behavior and the behavior expected at that person's age. Diamond (1984)
reports that self-knowledge, self-concept, and decision making skills appear
to be the common elements in research aimed at describing and explaining
career maturity. Career maturity information can be very useful for both the
prospect and the recruiter. This information should be valuable to the re-
cruiter and help him to recognize less stable decision making potential. The
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recruiter might want to take more time to clarity needs and interests with
individuals who do not meet the cutoff score on the instrument and expect
more fluctuation or poorer selections from "immature" individuals. "Mature"
individuals, of course, are not immune from mistakes or fluctuations, espe-
cially at the ages when Army recruiters are likely to see them.

Two interest inventories are being considered for inclusion in the CVG
package. Both of these instruments are currently being developed by ARI.
One is an in-.nouse effort, the Job Interest Survey(JIS), and the other, the
Vocational Interest Profile (VIP), is an ARI contract effort (Faust, Unger,
and Schmitz, 1985). Test development for these instruments continues and
is nct yet far enough advanced to speculate about which will be selected. One
possibility being considered is combining the best items of the two tests and
automating the result. Thus far, only preliminary testing of the instruments
has occurred (Faust, Hertzbach, and Knapp, 1985) with a small sample of 160
soldiers. This pilot effort was implemented to work out the administration,
to test the reading level of the instruments, to determine how long it took
soldiers to take the test, and to determine the clarity of the instruments.
The two instruments were administered to new recruits at Army reception sta-
tions as part of the 1985 New Recruit Survey. Thus, more extensive analyses
will be performed to determine the potential usefulness of the instruments.

The next element of the CVG is job information, and there are a number
of possibilities. The JOIN system is particularly well equipped for provid-
ing large reference resources. With a few 5 1/4" diskettes very large
amounts of information can be made available to the prospect and recruiter.
There are several sources of information which could be useful, but the most
important consideration, short of accuracy and comprehensiveness of the job
information, is the policy that the recruiter cannot, indeed, must not, sell
specific jobs. With this restriction in mind, the skill cluster groupings
developed by USAREC and Career Management Fields (CMF, groups of MOSs) are
more appropriate than is a directory of all of the specific Army jobs (MOS).
Another excellent source of job information is the Military Occupational and
Training Data software developed for joint service use. The difficulty en-
countered in using this software is the number of diskettes that would be
required to add it to the package. Increasing the number of 4iskettes makes
the package a bit more awkward to use, not to mention increasing the chances
for losing or impairing the materials. Despite these consideraticns, the
MOTD software has many advantages and with the approval of the joint service
oversight committee could aid a great deal of useful information to the
Army's CVG package. The available software for including realistic and com-
prehensive job information is an important part of the CVG and should greatly
enhance its sales utility.

Aside from job information, there are a number of incentives and Army
programs about which prospects should be informed. JOIN is an excellent me-
dium for presenting this kind of information. There are many varieties of
information that can be tailored for specific audiences. If the prospect is
a college student or has some college credit, information about advanced
grade for college credit or the Army College Fund or opportunities to become
an officer (OCS and ROTC) should be presented. This part of the package
furthers the sales dlalcge and begins to focus on the reasons for joining
and the issue of joniog. With the acquisition of information and prequali-
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fication (via the Computerized Adaptive Screening Test (CAST), the JOIN
ability measure that predicts Armed Services Vocational Aptitude Battery
(ASVAB) performance), a well-informed Army recruiter and the prospect can
begin to discuss the tradeoffs for enlistment. If the prospect is likely to
qualify mentally and physically, the general information can be personalized
and presented in the most attractive way possible. The recruiter knows what
job interests and needs the individual has and can link these to available
incentives and programs. This kind of interaction could also largely be
automated and allow the prospect to go through the package alone at his
school counseling office.

CYG Fesibility

Now that the rationale and the components of the Army's CVG program have
been presented, the practical consideration of whether or not this package
can be deployed beyond the recruiting station becomes important. The Army
needs to get to the high quality market and not just wait for that market to
walk irto the recruiting station. One market that the Army has never system-
atically approached is the two year college market, and these schools seem to
be an excellent place to develop and test the feasibility of the Army's CVG.
ARI currently has a contract with the American Association of Community and
Junior Colleges(AACJC) to determine if the CVG can function to the mutual
advantage of the Army and the two year colleges. If the CVG is seen as ap-
propriate, the package could also be employed, with some modification, in
high schools, as wall. However, the primary purpose for the CVG is for the
Army recruiter in uncovering dominant buying motives and to structure the
prospect's job expectations (without selling a particular job) and to match
the prospect's needs and interests with Army opportunities.

Briefly, the goal of the contract effort with AACJC is to develop six
sites at junior colleges to test and develop the CVG. Attempting to get an
estimate of the potential market, targeting advertising to the market, dis-
covering dominant buying motives, and identifying a tailored sales approach
are particular aims of this work. JOIN systems are to be provided to each

site, including the appropriate software and other materiels. The best meth-
ods for implementing the CVG are also to be determined--stand alone or with
the college counselor. Of interest also in this research effort is identify-
ing barriers to enlistment and most effective ways of stating tradeoffs for
the prospects and the recruiters.

This research effort is more an exploratory an! qaalitative project than
a tightly designed experiment. Aside from the aforementioned purposes of the
research, there is a need to establish good rapport with the two year sch-
ools, as well as with the AACJC. The schools and the AACJC need to under-
stand that we are not trying to compete with them for their students, rather
that we are providing ways for students to finish school and enabling them to
further their education (Army College Fund, GI B:11). Having the schools
collect and provide critical commentary on the CVG components, testing the
CVGs reception at the schools, and learning how best to interface the Army
recruiter with the schools are qualitative issues that are also being ad-
dressel This project will be completed at the end of fiscal year 1986.
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Discussion

The Army Career Vocational Guidance research project will assess voca-
tional interest and, perhaps, career maturity; assess ability (CAST); provide
realistic military occupational information; provide incentive and program
information; and articluate clear and attractive tradeoffs to encourage pros-
pects' decisions to enlist. The strategy for implementing this program is to
make it available to Army recruiters on JOIN and to provide it to institu-
tions (e.g., two year colleges and high schools) for the benefit of their
students. The students will receive vocational information about themselves,
as well as information about the Army opportunity. They will also learn
about military occupations and the training required for these occupations.
This service will be provided at no cost to the schools or the students. The
Army recriter will receive feedback in some form from the schools using
these packages. Perhaps, schools will send prospect lists of students who
express some interest in learning more about the Army.

The actual viability of an Army CVG is, at this point, undetermined.
There is no question, however, that the Army needs to explore all avenu es
that might produce high quality prospects in this ifficult recruiting envi-
ronment. However, this effort can only be made to good effect with the coop-
eration of the other services. If there is an all service effort, the Army
CVG program will, of course, need to be made compatible with whatever is
implemented, including the possibility of scrapping any school deployment.
However, the information that is learned from our current effort with the
AACJC should be useful in both the Army's effort, as well as the all service,
DoD effort.

As previously suggested, the future of the Army Vocational Guidance
package depends in large part on it viability in tha schools and to the ex-
tent that it can be coordinated with all service efforts. But, assuming that
the program is viable, the next phase of the development would be to design a
comprehensive empirical research effort to test the hypotheses developed from
the current effort with the AACJC and build the package, implement it, assess
its effectiveness, fix it, and deploy it as policy makers deem appropriate.
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Conducting empirical validity investigations to predict job perform-
ance is not always feasible. Even when empirical approaches are under-
taken, such as the ongoing ARI Project A to improve the selection,
classification and utilization of enlisted personnel, it is rarely possi-
ble to include all jobs within an organization. Given the complexities of
empirical val3dation, it is necessary to develop other methods for match-
ing people to jobs and optimizing their performance.

One approach is to obtain rational estimates of the human attributes
(i.e., abilities, characteristics, and interests) which are required for
successful job performance. When gathered systematically from qualified
juoges,, these estimates can be summarized as profiles of required attrib-
utes. Then, measures of individuals' attributes can be matched to such
profiles for selection and classification purposes. In addition, knowl-
edge of required attributes is potentially useful for (a) designing new
systems and training programs that are within the capacities of available
personnel and (b) generalizing empirical validity data to new and differ-
ent jobs, by grouping them on the basis of similarity of attribute pro-
files (Fleishman, 1982; Pearlman, 1980). The latter application is
especially pertinent to the Army's Project A, which is collecting validity
data for only 19 Military Occupational Specialties (MOS).

A well-researched method of determining ability requircments is the
rating scale approach developed by Fleishman and his associates (see
Fleishman & Quaintance, 1984 for a comprehensive summary), based on a
taxonomy of 40 cognitive, perceptual, physical and psychomotor abilities.
With these scales, a rater decides if an ability is necessary for er-
rorless job performance, and, if so, estimates the level required on a
7-point, behaviorally-anchored scale.

Early outcomes from Project A provided an opportunity to develop a new
set of rating scales based on a new taxonomy of human attributes. An
expert judgment task (Wing, Peterson, & Hoffman, 1984) obtained estimates
of validity for 53 predictors against 72 criterion constructs from 35 per-
sonnel psychologists. Factor analysis of the data yielded 21 clusters of
the 53 cognitive, perceptual, psychomotor, temperament and interest
predictor variables. A predictor test battery based on these 21 clusters
has been developed and is being validated. The purpose of this paper is
to discuss the initial construction and testing of a new set of scales for
estimating job requirements which is based on these 23 clusters (hereafter
called "attributes"). As more data become available, it is expected that
the taxonomy of predictors (and test battery) may change. The rating
scales will be revised to reflect these changes.

A set of scales based on the Project A taxonomy has several potential
advantages over the Fleishman ones. The most salient feature is that
obtained profiles of attribute requirements will directly correspond to

IThe views expressed in this paper are those of the author and do not
necessarily reflect the view of the U. S. Army Research Institute or the
Department of the Army.
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Project A validity data. It will include temperament and interest meas-

ures that are not among the Fleishman scales and will not include those

attributes/abilities for which no predictor tests are given. Additional

benefits (e.g.,, lower cost, more efficiency) may be possible with this set

of scales. It was designea to be used by work supervisors rather than

personnel psychologists and contains primarily Army-specific behavioral

anchors gith only about half as many attributes to rate as Fleishman's.
For any rating scales to be useful in practice, they must give relia-

ble and valid scores. The effort reported here examined issues related to

the reliability of the ratings. Validity investigations will occur later.

The following issues were examined here. First, how closely do raters

agree, i.e.,, how high is interrater reliability? Second, how well do the

scales differentiate across attributes (i.e., yield non-flat profiles)

within a job and across the attribute profiles of different jobs
9

Finally,, can the scales be used to identify attributes for which differ-

ences in level of the attribute most influence performance? For some

attributes, higher levels may be required for better performance whereas

for others,, once a minimal requirement is met, having a greater amount

of the attribute has no additional effect on performance.

METHOD
Subjects. Thirty-six Non-commissioned Officers (NCOs) from the Can-

non Crewman MOS and 39 NCOs from the Motor Transport Operator MOS, all

sales located overseas, participated as Subject Matter Experts (SMEs).
Instrument. The Attribute Assessment Scale, which was empirically

developed for this research, consists of a set of behaviorally-anchored

scales for 20 of the 21 pttributes in the Project A taxonomy plus two

additional attributes, Stamina and Physical Strength, which were thought

to enhance face validity. A scale for Enterprising Interests was eliminated

because it was imossble to generate items for this attribute which were

sufficiently different from those falling under Self-Esteem/Leadership.
The names of the attributes were modified from the original Wing, et. al.

(1984), labeling for better comprehension by SMEP. The final instrument

had one page per attribute. Below the definition at the top, there were

three 7-point vertical scales, placed side-by-side, to enable three re-

sponses. A zero-point was added to indicate the attribute was not re-

quired at all. SMEs circled the number corresponding to the appropriate
level for their job.

To construct the scales, comprehensive definitions for the attributes

were developed so as to be readily understandable by people who were not

trained in personnel research. A pool of items for potential anchors

(i.e., behavioral statements) was generated. Ton items per attribute were

ultimately selected, after screening by two to four other researchers.

These were presented with the appropriate definition in an anchor-rating

instrument. Initially, 26 NCOs from either the Administrative Specialist

or Military Police MOS rated each item on the amount of the attribute

represented by or needed for the behavior described. Items with mean

ratings that were the highest, lowest, and closest to 4.0 (midpoint) that

also had a standard deviation less than 1.5 were selected as scale anchors.

Using these criteria, scales could be created for only 11 attributes.

After identifying difficulties related to (a) task comprehension, (bY

response format, (c) failure of raters to differentiate effectively among

items,, and (d) a few of the definitions and items themselves, I revised

the anchor-rating instrument and administration procedures, adding a
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15-minute training period. This instrument was given to another sample of
ECOs (N=28) from the same two MOS, From the second administration, using
the criteria indicated above, three anchors were obtained for all but two
of the attributes (Social Interaction and Stress Reaction for which only
two anchors were selected) to form the Attribute Assessment Scale.

Procedure. SMEs rated the level of each of the 22 attributes that is
required to perform Skill Level I (entry level) work under combat-readi-
ness conditions in his own MOS for three performance levels: at the 15th,
50th, and 85th percentiles. In addition to the written instructions, SMEs
received extensive training in how to complete the task, including a step-
by-step demonstration of the actual rating process using the anchors as
guides. Training and responses to questions took about an hour. Early
ratings were checked to ensure comprehension of the directions before
raters proceeded with the rest of the task. Ratings took about 30-45 min-
utes. Analyses. Intraclass correlation coefficients (ICCs were calculated

from Raters X Attributes ANOVAs over all attributes and separately for the
three major domains (i.e., cognitive/perceptual, physical/psychomctor, and
noncognitive), for each of the three performance levels. The ICCs estimate
the reliability of the mean ratings Lr(k); k=number of raters], an index
of interrater reliability. Also, an MOS X Attributes X Performance Levels
univariate repeated-measares ANOVA was performed.

RESULTS
Eight Motor Transport Operators were eliminated from the analyses due

to the logical inconsistency of their data. R(k), coefficients over all
attributes were, in increasing order by performance level, .75, .77, and
.69 for Cannon Crewmaen (k=36) and .74, .74, and .69 for Motor Transport
Operators (k=31). For the domains, r(k) coefficients ranged from .61 to
.79 across performance levels end MOS, There were two exceptions to this:
Physical/psychoaotor reliabilities were very low foi both MOS at the 85th
percentile r(36)=.13;, (31)=.58] performance level.

None of the effects involving MOS for the MOS X Attributes X Perform-
ence Levels ANOVA were significant. There were significant main effects
for Attributes £F (21,1365) 

= 
6.98; 2 = .O00] and Performance Levels [I

(2,130) = 398.35; y = .00003 and a significant effect for the Attributes X
Performance Levels interaction [' (42,2730) = 2.51; 2 = .0000]. Scheffe'
comparisons between means within performance levels by MOS indicated sig-
nificant differences between only the highest and lowest means, which
ranged from 1.09 to 1.75. Means and standard deviations for all ratings
are provided in Table 1.

DISCUSSION
In comparison to the very high Intraclass Correlation Coefficients

(ICCs) obtained by Fleishman and associates or those discussed by
Rossmeissl (1985) within this symposium, the ICCs from this research are
weak, especially since around 30 raters are needed to obtain coefficients
of et least .60. ICCs are based on variance components. As such, low (or
uninterpretable) reliabilities result if there is too great a be-
tween-subjects variance and/or too little within-subjects variance. The
low reliabilities obtained here appear to be a function of both. Previous
research on ability assessment has found mean ratings that varied from
very low (even "Not required") to very high (7) across attributes. This
was not the case here. The inclusion of three performance levels may have
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Table I

Ke* .ad Standard Deviatio. of Ratings.of Attribt.t.jr..oot. forC.no Cr...-o .,4 Keter

Perform0ance Level

Attrib.toe Ro
s

15
t
b Ferceottle 50

t
h Percentile 85,t Ferteattle

Yerbsl Abtlit7 C 2.6 (.93) 4.17 C.91) 5.33 (1.10,
D 2.87 (.83) 4.2M .85) 5.12 (1.08

Memory C 2.44 (1.10) 3:89 -.89) 5.53 01.11)

D 3.24 (1.26) .26 , 1.03) 5.16 (1 .27,

l.sonil Ability C 2.78 (1.31) 3.94 (1.17) 4.89 (1.33',
3 2.45 . 00 (1.32,

V.behr ?acility C 2.06 1.121 3.47 (1.16) 5.08 (1.52)
D 2.48 1li 3

Xschnolcol Comprehension C 2.86 1.36 4.39 I5.50 0.0
.2.97 31 4 23 (1.14) 5.20 tl

Information ?rocess.lo € 2.50 (l.05 3. (1.30) 4.81 3,
3 2.68 (1.30) 3.90 (1.06) 5.03 (1.17)

Closure C 2.78 (1.3) 4.08 (1.25) 4.89 (1.41)
V 2.68 (1.42) 3.87 (1.45) 4.61 (1.67)

Viltatoios C 2.33 (1.15) 3.58 (1.30) ..69 (1.51)
D 2.29 (1.30) 3.42 (1.43) 4.26 (1.54,

Perccptual Sped A Accuracy C 2.75 (1.52) 3.97 (.3) 4.94 (1.31)
D 2.97 (1.33) 4.16 (1.29) 4.71 (1.40,

Physlcal Streogtb C 3.75 (.32) 4.89 (1.14) 5.67 (1.17,
3 3.58 (1.39) 4.61 J1.20 5.32 (1.25

Staina C 3.06 (1.45) 4.53 11 5.9 (1.19)
D 2.68 (1.30) 3.94 (1.41) 4.84 (.63)

Xultilinb Coordination C 2.80 (1.47) 4.20 (1.21) 5.26 (1.40;
D 3.34 (1.54) 4.45 (1.24) 5.48 (1.12'

2.zte7 C 3.00 (1.35) 4.47 (1.08) 5.50 (1.08)

Steoaieesi/rocielos C 2.83 (1.40) 4.0 (1.25) 5.47 (1.36,
D 3.06 (1.29) 4.52 (1.09) 5.29 (1.07)

Social Interaction C 3.14 (1.62) 4.44 (1.59) 5.34 (1.701
S 2:58 .7 (.7 74 (.44) 4.65 ('.70)

trs Tolerance 3.03 0.50) 422 1.27) 5.12 (1.
S 3.1 1.47) 4.2? (.4 5.27 1.20;

Conscientiousness C 2.66 (1.24) 4.09 09 5.31 (.99
V 3.19 (1.47) 4.35 (I.M1) 4.97 (1.25)

Verb Onieetotioe C 2.91 (1.46) 4.29 (1.18) 5.54 (1.17)

3 2.90 (1.45) 4.16 (1.10) 5.39 (1.17)
Self Zstsed tLedrship C 3.00 (1.26) 4.25 (1.201 5.47 (1.71,

D 2.48 (1.55) 3.84 (1. 3) 5.00 (1.41'

Athletic bilit/Enera C 2.89 (.35) 5.92 (1.16) 4.9S (.19

D 2.87 (1.55) 3.73 (l.48 4.33 (1.71;
2o41istic Interests C 2:54 (40) 3.71 n25 4.94 (1.66:

Inveltive Iterests C 2.0) 1431 3.44 61 4.16 ' .78'

3 1.9, (1.40) 3.26 (1.SO) 4.16 (.931

a C - Ceabom CreOma

D " Rotor Vehicle Operator (Driver)
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had a strong, negative impact on these particular results. The demands of
the task appeared to impose a unique kind of restriction in the range of
possible ratings. That is, the effective range of ratings within levels
covered only two or three points rather than the entire seven points.
This outcome served to reduce within-subjects variability, as all ratings
fell close together, Although SMEs were clearly advised not to respond
according to belief that "better must mean more," the mean ratings suggest
that a demand characteristic was created by the instructions to rate at
three levels. The result was ratings of attribute levels which correspond
to level of performance, with ceiling effects occurring at the highest
level. These effects would explain the extremely low reliabilities for
Physical/Psychomotor attributes at the 85th percentile.

The fact that attribute requirements were elicited for three perform-
ance levels also may have clouded the findings in another way and reduced
interrater agreement, i.e., increased between-subjects variance. Although
defi-itions were provided for the three performance levels, how the SMEs
actually interpreted these definitions was unknown. SMEs may have had
different interpretations of the attributes from our definitions as well
as from one another. For example, their verbal reports seemed to indicate
some tendency to interpret performance levels in terms of particular sol-
diers in their charge, rather than from a more general (and shared) view
of job performance at a particular level. They also tended to rate at-
tributes in terms of the characteristics of someone who performed at that
level, rather than in terms of the actual requirements of the job. The
performance criterion, then, was more ambiguous than expected, pointing
out a clear need for a very specific definition of the criterion. It was
apparent that understanding the task requirements -- what was meant by the
performance levels and how to do three ratings at a time -- took more time
and energy than actually doing the ratings. In short, the use of three
performance levels may have made the task harder than was intended, and
interfered with the SMEs' ability to rate true requirements.

Two other factors may have co.tributed to low interrater agreement.
SMEs were not given written descriptions of what they were to rate. In-
stead they were asked to decide ind,vidually the nature and content of
entry level work and, specificall, what it required in terms of attrib-
utes. Moreover, they were to rate the whole job -- all work within all
duty positions -- and not just some specific t sk or set of tasks. This
very broad scope allowed considerable opportunity for variance. As a
result of personal experiences and/or selective memory, the SMEs could
differ a great deal in what they were evaluating. Obviously, higher
interrater agreement would be expected for narrower areas of considera-
tion. In addition, some SMEs found the scale anchors frustrating rather
than helpful. Raters appeared to have difficulty using anchors as
reference points for comparing tasks within their MOS. Some tended to
evaluate the job in terms of whetner the exact tasks depicted were or were
not an actual part of the job. With some anchors that depicted common
soldier tasks, some SMEs had problems separating the overall soldier re-
quirements from the specific job requirements. Thus, although very famil-
iar behaviors were thought to b3 the best for illustrating a level of an
attribute, this was not necessarily the case.

The results of the ANOVA indicate that attribute profiles for the two
MOS are not significantly different. The effects tnat were significant,
Attributes, Performance Levels, and their interaction, are most likely a
function of the nigh statistical power related to the large number of
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degrees of freedom, and so are not really meaningful. Despite this, the
data provide some useful information. The minimal differences which do
occur suggest that some differences (as well as similarities) between MOS

may exist, but may be masked in the present research. in addition, rank
orders of the magnitude of ratings were different for both MOS at all
performance levels, again suggesting there may be some differences in
patterns of attributes which need further examination. For instance, at
the 85th percentile, Verbal Ability ranked tenth for Cannon Crewman but
third for Motor Vehicle Operator, while Stamina ranked first and fif-
teenth respectively. If one were to select only the five variables with
the highest ratings, the selection would be different for each MOS.
However, the top five are not necessarily the most important attributes:
They are ranked on level of required attribute and not on relative impor-
tance of the attribute.

In summary, NCOs appeared to understand, in general, how to use the
set of scales constructed to rate job requirements. The requirement for
three sets of ratings simultaneously, however, created some problems.
First, the actual physical arrangement of the scales on the page confused
people. Second, it seemed to impose limits on the magnitude of ratings
assigned. Given the expanse of the criterion to be rated -- the entire
MOS at Skill Level 1 -- and the limitations created by the design it-
self -- different performance levels -- the obtained indices of interrater
agreement are reasonable.

These findings suggest that better reliability estimates could be
obtained with fewer raters if SMEs were asked to rate requirements for a
single performance level; i.e., to estimate the minimum level of an at-
tribute required to perform the job successfully. Further, more reliable
ratings may be obtained by changing to a generic set of scale anchors
(e.g., very low,low, moderate, etc.) or otherwise replacing the present
behavioral anchors and/or focusing raters' attention on evaluating a spe-
cific task, a well-defined set of tasks, or a written job description
would yield better reliability coefficients. Elimination of the restric-
tion in range of ratings which was created by including three performance
levels, should yield better discrimination among the attributes within
MOS, and differences in attribute profiles across MOS.
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PIETHODOLOGICAL PROBLEMS IN IDENTIFYIFG

ABILITY REQUIREMENTS RELATED TC SOLDIER PERFORMANCE

Dr. Claude R. Miller

US ARMY TRADOC
SYSTEMS ANALYSIS ACTIVITY

(TRASANP)

INTRODUCTION

The Training Effectiveness Analysis (TEA) Division of TRASANA recently
completed a basic study of the procedures necessary to represent relationships
between soldier variables and system performance in computerized combat
models (1). The study was prompted by a concern for future system manning
requirements. Census data indicate that the number of individuals available
for recruiting is declining and will continue to decline well into the next
decade (2). At the same time, the Army is undergoing a force modernization
program that includes technologically advanced weapon systems that put a
premium on highly skilled operators and maintainers. These concurrent
processes indicate a need to identify soldier variables related to system
performance so that the available manpower may be distributed among the
various weapon systems in a manner that maintains or improves combat
effectiveness.

Combat models may prove useful for estimating the extent to which
relationships between soldier variables and performance affect combat
effectiveness. However, prior to modeling, existing relationships between
soldier variebles and performance must be identified and mathematically
described. The term "soldier variables" may refer to any number of physical
or psychological attributes of an individual. Soldier variable data normally
available, or easily obtained, include physical profiles, demographic
descriptors, and results from the Armed Services Vocational Aptitude Battery
(ASVAB). At present, the Army assigns soldier to Military Occupational
Specialties (VOSs) on the basis of ASVAB scores and manpower needs. The
usefulness of ASVAB scores to predict soldier performance in the field remains
a matter of study, Supplemental and/or alternative selection and assignment
procedures may be required in the future.

One possible supplementel/alternative approach is based on the work of
Fleishman (3) who has studied the relationships between human abilities and
task performance. Fleishman's work has suggested a taxonomy of cognitive,
perceptual, and psychomotor abilities differentially related to performance on
various types of tasks. It was in the context of Fleishman's work that an
attempt was made in the TRASANA study to identify soldier variables related to
system performance. This report summdrizes some of the difficulties
encountered in that effort.

METHOD AND RESULTS

The referenced TRASANA study focused on Air Defense Artillery soldiers in MOS
16S, STINGER gunners. Subsequent to the referenced study, additional data
were collected on five other Air Defense Artillery VCSs and two Field
Artillery MOSs. Subjcct Matter Experts (SMEs) were asked to rate the 'xtent
to which each of 33 separate basic human abilities, taken from the wo,& of
Fleishman, was related to MOS critical task performance.
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It was immediately obvious that having SMEs rate abilities required for each
MOS critical task would impose an unreasonable workload on the SMEs that could
produce results of questionable validity and reliability. For that reason,
the survey instructions asked the SMEs to rdte each ability in terms of how
necessary the ability was to "successful performance in the MOS" without
re'erence to specific critical tasks.

The format of the survey itself included.
1. The name of the ability (eg., Reaction Time)
2. A definition of the ability in the form of a question (ea., Does a

gunner have to be able to react quickly to sights or sounds?)
3. A space to check "Yes", "No", or "Do Not Understand the Question."
4. A graphic seven-point rating scale. The scale included the integers

from I to 7 and graphically indicated midpoints between integers.
The only rating guidance provided on the scale itself was entered
next to the numbers 1, 4. en 7. Next to the number I was the
description "Ability Needed But Only To A Small Degree." Next to the
number 4 was the description "Ability Needed To A Moderate Degree."
Next to the number 7 was the description "Ability Needed To lhe
Pighest Possible Degree."

Prior to administration of the survey to SMEs, the survey was "pilot tested"
with nilitary personnel at TRASANA. Results from the pilot test indicated
that many soldiers had difficulty understanding the question, i.e. the
definition of the ability. Consequently, the definitions were rewritten using
simpler language. Psychologists in the TEA Division were asked to compare the
original and simplified definitions for comparability and generally agreed
that the essence of each definition had been preserved. Nevertheless, opinion
was not unanimous and some concern remained over whether all simplified
definitions were accurate translations of the originals.

The final form of the survey was administered to a total of 85 SMEs from eight
different MOSs. The number of SMFs for each MOS varied from n = 6 to n = 16.
As stated previously, a seven-point rating scale was used for SMEs to rate how
much of each ability was necessary to perform successfully in the MOS.
Alternatively, the SMEs could check the space provided indicating that the
ability was not needed at all. If an SME checked that an ability was not
necessary, that response was given a scale value of zero.

Actual results in terms of how the abilities were rated for each MOS will not
be addressed. Instead, the response pattern will be discussed. Given 85 SMEs
rating 33 different abilities, a total of 2805 responses were possible. Of
these, 219 (7.8%) were omitted, i.e. no scale response and no check that the
ability was not needed. The remaining 2586 responses showed a distinct
pattern that was very consistent across all MOSs. First, there was little use
of the midway points graphically indicated on the scale. Only 1?'/ of all
responses were placed on the midway points. The preponderance of respcnses
were given to the scale values 4, 5, 6, and 7. The scale values of 1, 2, and
3 were virtually ignored. The most frequently used scale value was 7 (22.7%
of all respcnses). Figure 1 summarizes the response distribution pattern
across the seven-point scale.

One final note regarding the pattern of responses seems of interest. The
standard deviations among SME ratings for the highest rated abilities were
consistently and significantly lower that the deviations among the lower
rated abilities. The result was consistent for each group of SMEs surveyed.
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Figure 1. Distribution of SME Responses to the Ability Rating Scales
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DISCUSSION

The primary emphasis of the TRASANA study was to represent the relationships
between soldier variables and performance in combat models using existing
soldier variable data, not to identify a new set of soldier variables to
explore. As a result, the relationships suggested by the SME ratings were not
examined in detail, and validation of the SME ratings remains to be
accomplished using actual performance data and scores from tests that measure
the basic abilities.

Nevertheless, the experience gained from administration of the ability rating
scales has implications for future scale development and interpretation. A
major consideration is the workload put on the raters when ratings are
required by specific tasks. To minimize the adverse impact of lengthy
ratings, SMEs were asked to rate the abilities in terms of success in the MOS,
not specific tasks. Although that procedure saves time, detailed information
is lost. To recover at least part of that information, a group discussion was
held with the SMEs after all ratings had been completed. From these
discussions, it was possible to determine why certain abilities were rated low
or high, and how certain abilities related to specific critical tasks.

A second consideration is how the abilities are defined. The SMEs had
difficulty understanding the psychological terms used in many of the
definitions, and psychologists had some difficulty with simplified
definitions. To ensure common understanding of terms is a long standing
principle of survey construction, but one too often assumed. Future scale
development should take the time to develop sound and understandable
definitions.
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A final problem is the tendency of raters to judge an ability as needed to a
moderate-to-high degree, or not needed at all. That tendency was noted on the
first administration of the survey. In subsequent administrations raters were
asked to save their highest ratings for those few abilities strongly required
in the job. There is no evidence that such verbal instructions had any effect
on the rating pattern. On two surveys, raters actually took their pencil and
extended the scale out to 10 points, then checked "10." Use of anchor points
may have reduced the tendency toward high ratings, but time constraints
precluded development of verbal anchors. Another possible approach to the
response pattern problem may be through the use of variance as well as mean
ratings to establish the criterion used to identify an ability as needed for a
job. Raters tend to agree on those abilities strongly related to successful
job performance. The exact method for establishing criteria remains to be
determined.
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Comparison of Weapon Systems Using Ability Requirements Scales

Jane M. Arabian
U.S. Army Research Institute for
the Behavioral and Social Scienues

The capability and complexity of weapon systems have been increasing.
Meanwhile, census data indicate that there will be fewer 18-24 year olds
between 198D and the 1990's. The greater sophistication of milittry weapons
together with the decrease in the size of the potential military applicant
pool make it increasingly iapcrtant not only to design systems that are with-
in physical and cognitive capabilities of the available personnel but also to
match correctly the skills and abilities of individuals to the skill and
ability requirements of jobs (Shields a Baker, 1981). Inappropriate person-
nel classification could result in poor human resource management as well as
a failure to benefit from the maximum functional capabilities of the weapon
system. The best personnel classification system, however, will not be able
to overcome system designs that require unavailable personnel attributes.

In order to optimize man-machivs system performance, the engineering de-
sign process needs to be sensitive and responsive to the impact of the system
on manpower, personnel, and training (MPT) issues. The MFIT community, in
turn, must provide information to the designers as early as possible in the
system development process. The earlier in the process, the more likely it
is that information will be based on subject matter experts' (SME) best esti-
mates derived from their professional experience. Later on in the process,
information can be based on empirical data obtained from the act.=ml system.
However, many of the design decisions which affect MPT occur before it would
be possible to collect data with the actual system.

The Army Research Institute conducted n project to examine the Weapon
System Acquisition Process (WSAP) and identify critical points in the process
for MPT information (Promisel, at al, 1985). The project has been referred
to as the Reverse Engineering Project because it traced the development and
acquisition process in reverse, from the end-product back to the beginning
(Concept Exploration Phase in the WSAP). Scientists working on the project
studied as much available documentation, both historic and current, as possi-
ble for selected weapon s~stems.

The goal of the project was to examine how the performance of systems
was affected by the specific system requirements and engineering and manage-
ment decisions made earlier in the development process. For example, with
regard to personnel requirements, project staff identified personnel require-
ments for the system as stated in the acquisition documents (e.g., where did
the requirement come from and what kinds of data supported the requirement).
Project staff also identified points in the acquisition process where it
seemed feasible that more or different kinds of information could or should
have been considered. Positive impact on system development from timely
personnel 2nformation use was also noted. Recommendations were then made
about how the acquisition process could be augmented to ensure that personnel
requirements information would be developed and applied as early as possible
in the WSAP.

The WSAP for Stinger, a man-portable air defense system, and its prede-
cessor, Redeye, were examined first. One of the more salient findings was
that very little personnel information was available throughout the acquisi-
tion cycle. Requirements for height and ASVAB scores were available, but
there was little, if any, information about perceptual and psychomotor skill
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and ability requirements. As tne project staff became more familiar with the
two systems through the requirements documentation, it seemed that the newer
system would place more demands on the soldier than the cider system. This
seemed especially true if the new system's capabilities were to be fully
realized. The new system did not appear to take the potentially increased
psychomotor requirements into account; soldiers who operated the old system
were expected to operate the new system effectively.

The research study described in this report was designed to provide
information &lout the skill and ability requirements of the two weapon sys-
teas and to determine whether empirical support could be obtained for the
impression that Stinger required more and/or higher levels of specifiable
skills and abilities than Redeye. Since this type of information would be
particularly valuable early in the WSAP, before the system would be physi-
cally available, the feasibility of using rating scales based on expert
Judgements to collect this information was examined.

METHOD

Subjects. Two separate samples of subjects served as SME raters. The
first sample (Scientist Sample) consisted of eight Army Research Institute
research scientists who were participating in the Reverse Engineering Pro-
ject. They were familiar with the WSAP requirements documentation and test-
ing results for the Redeye and Stinger systems. The second sample of SME
raters (Instructor Sample) consisted of ten military instructors for the
Redeye and Stinger training courses. They had been experienced system opera-
tors before becoming training instructors.

Rating instruments. Both samples of raters employed the Fleishman abil-
ities taxonomy (Fleishman, 1975). The list of abilities appears in Table 1.

Table I

Fleishman Ability Taxonoy

I 0,41 Comp,#h.sieo 21. Visualization
2. Wrtcn Comprehesion 22. Static Strength
3. 0, al Oesloe 23. Caplosine Strengt
4. Written [nprsson 24. Oynamic Strength
S. Pmorizatf" 25. Trn Strenth
6. Problem Sensit ity 26. Stamina
7. Oriqinalglt 2?. Ctatnt Fleibility
S. Inductive Reasoning 29. Dynomlc Flexibility
9 Category Flexiblity 29. Gross Sody uilibrl
10. Oductlve Reasonieg 30. SDed of Lib "Noethnt
I. informatin Orderioq 31. Cross body Coordination
12. Hth Reason~ng 32. Multi-Lio Coordination
13. Number FaCi1ity 33. aist*Finer Speed
14. Fllentc of Ideas 34. Finger Dexte ity
IS. Tin sharing 35. iiana1 Dexterity
16. Flexibility of Closure 36. Arm/Nsnd Steadiness
"?. Speed of Closure 37. Control Precisan
IS. Selective Attintion 38. Rate Control
19. Perceptual speed 39. Reaction Tim
20. Spail1i Orientation 40. Choice Reaction Time

An ability rating scale for each ability includes a definition of the
ability and a rating scale anchored with behavioral examples. A rating of
"1" indicated that the rater estimated that very little of a particular abil-
ity would be needed for a job or task; a rating of "7" indicated that a
great deal of the ability was estimated as necessary. In addition to the
scales themselves, binary decision flow diagrams have been developed
(Malamad, et al, 1980). The flow chart leads the rater through a series of
yes/no decisions which, when completed, results in specifi,.ation of the
abilities required to perform the job. Figures I and 2 provide examples of
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the flow diagram and ability scales, respectively. The scale on the left
uses military examples for anchors, an in the computerized assessment syatem
described below; the scale on the right in Figure 2 uses non-military exam-
pies, as in the paper and pencil version of the ability assessment system.

Figure i

Flow Diagram
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Raters in the Scientist Sample employed a computerized version of the
flow diagrams with ability scales (Rossmeissl, at al, 198). This computer-
ized ability assessment program was written in Applesoft BASIC language and
presented to the raters on an APPLE II microcomputer.

Raters in the tnstructor Sample usod a paper and pencil format to per-
form the ability assessments. The deciaion flow diagram was presented in one
booklet with the ability scales in a separate packet. Raters worked through
the flow diagram and when they came to a point for rating the level required
of an ability they switched to the packet of scales, located the correct
rating scale, made their rating, and returned to the flow diagram to continue
the procedure. The scale anchors for the paper and pencil assessment were
generic (non-military) behavioral examples (Theologue, at al, 1970).

Procedure. Ability ratings were obtained from each sample of raters
separately. The computerized ratings were obtained from one subject at a
time. The paper and pencil ratings were collected in one session with all
raters present, but discussion of ratings was not allowed until all the as-
sessments had been completed. For both samples, half the raters estimated
ability requirements first for Redeye and then for Stinger; the order was
reversed for the remaining raters. The raters in the Scientist Sample com-
pleted their estimates on two successive days (i.e., one system on Day 1, the
other system on Day 2). The raters in the Instructor Sample completed their
rating for one system, took a fifteen minute break, and completed their rat-
ings for the second system.

Instructions for both groups were the same. All raters were asked to
think about the soldier abilities that would be required during the success-
ful operation of the system (Redeye or Stinger) under combat conditions, The
decision flow diagrams and procedure for using the ability scales were ex-
plained. The raters were cautioned that the scales' anchor examples had not
been validated for Eedeye or Stinger and should therefore be used only as a
rough guide. The raters were reminded to answer the decision flow questions
based on their knowledge and/or experience with the weapon systems, to think
about only one system at a time, and avoid making mental comparisons of the
two systems.

Analyses. Given the relatively small sample sizes and exploratory na-
ture of this research study, statistical analyses of variance were not per-
formed on the entire data set from either sample. However, one-tailed
correlated t-tests were performed on ratings for selected abilities if all
raters in a sample agreed that the ability was required for both systems.
Statistical analyses comparing the ratings of the two samples were not con-
ducted since the background of the raters (scientists vs. instructors) was
confounded with the rating mode (computer vs. paper and pencil).

RESULTS AND DISCUSSIOR

The number of ratings and range of non-zero ratings for each ability and
both systems are presented in Table 2. Sixteen abilities were rated for both
Redeya and Stinger by at least half the raters in the Scientist Sample. Five
abilities were not rated for either system by any of the scientist-raters.
There was unanimous agreement in the Scientist Sample that seven of the abil-
ities were required by both weapon systems. In no case was an ability con-
sistently rated as required for one system but not for the other system.

The raters in the Instructor Sample tended to rate more abilities: every
ability was seen as required for both systems by at least half of the raters.
There was unanimous instructor-rater agreement that six of the abilities were
required by both Redeye and Stinger. 606
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tial orientation. Relatively high levels of these three ab)1ities are re-
quired by both systems. Had this type of information been available early in
the system design process, it may have been possible to modify the design of
the newer system to reduce the demand for these abilities.

The potential usefulness of ability requiramente ratings are limited,
however, by the lack of empirical data. The relationship between some estim-
ated level of an ability requirement and actual job or task performance needs
to be determined. Without this information it is not vossible to establish
what effect an individual with a "5" level, as opposed to a "6" or "4" level,
of an ability would have on system performance if the requirement was esti-
mated to be at level "6" for that ability. Information about the distribu-
tion of abilities in the population is also needed. If mcst individuals in a
given population possess high levels of certain abilities then it may not be
necessary to design systems that require low levels of those abilities. On
the other hand, if few individuals have high levels of particular abilities,
it may be wise to avoid system designs that require high levels of those
abilities.

Whether or not an ability rating methodology can be developed into a
sensitive psychometric instrument, the rating approach used in the research
study presented in this paper appears to have poten.ial applications in the
design process. At the least, a procedure which can identify "high driver"
abilities before a system has been fully designed and built may be helpful to
design engineers and allow them to avoid or modify designs that are likely to
be too demanding on the psychomotor and perceptual capabilities of personnel.
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Computerized App.'o,,:hes for Estimating
Ability Requirements

Paul C. Rossmeissl
U.S. Army Research Institute

The past few years have witnesred a dramatic increase in the power,
sophistication, and availability of microcomputers. It seems natural that
this new technology be devoted to addressing the recurring problem of
determining what human abilities are needed to do what must be done in a
given job. This paper discusses some of the ways in which the new tech-
nology could be brought to bear on the problem at hand,

One way to use the computer to investigate ability requirements is to
take a tried and true method (one that works without a computer) and to
computerize it. That is, to display the instrument on a CRT and store the
responses on disc rather than using paper and pencil for these functions.
The first part of this paper will review an investigation that followed
this approach to the issue.

An alternative technique for using computers in this area is to use
the machine to administer methods that are either difficult or impossible
to administer in any other manner. The final portion of this paper will
propose and discuss a few methods of this type.

Paper-and-pencil vs. Computerized Rating Scales

One of the most commonly used techniques in the determination of
ability requirements is the use of ability rating scales (i.e. Fleishman,
1982). Such scales typically include the definition of a human ability
and a rating scale anchored with behavioral examples. While the scales
are typically presented on paper, they can be easily presented on a com-
puter's CRT as well.

Rossmeissl, Kostyla, and Tillman (1983) conducted an investigation of
computerized versus paper-and-pencil modes of rating scale presentation.
They used rating scales of 30 hunan abilities developed by Rossmeissl and
Dohme (1982). These rating scales are very similar to those developed by
"leishman (1975, 1982), but contain anchor stimuli that are directly rele-
vant to jobs within Army aviation. The computerized presentation of the
scales was implemented by Rossmeissl, Rigg, and Best (1983) using the
binary decision flow diagrams developed by Mallamad, Levine, and Fleishman
(1980). The two procedures were evaluated by having experienced Army
aviators rate the abilities required to perform en Army aeroscout helicop-
ter mission. Half of the aviators estimated ability requirements using
paper-and-pencil rating scales, while the other half used rating scales
presented on an Apple II microcomputer, All of the ratings were made
along a seven point scale.

7
The views expressed ii this paper are those of the authors and do not
necessarily reflect the view of the U.S. Army Research institute or the
Department of the Army.
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The findings of this research showed that the two methods gave very
similar results. Both methods showed very high inter-rater agreement.
The inter-class correlation coefficient (ICC) for the paper-and-pencil
scales was .91, while the ICC for the computer presented scales was .96.
Both methods were also able to produce ratings that discriminated among
the various aptitude requirements (both $F$ values > 190 and significant
at the .001 level).

This result is perhaps the most important aspect of the research, in
that despite the somewhat popular belief of everything being better when
its on a computer, the computerized procedure did not show superior
psychometric properties in comparison to the traditional paper-and-pencil
forms. On further thought, however, this finding really should not be
surprising, since after all the same rating scales and much the same defi-
nitions were used in both cases.

The only real difference in results between the two nrocedures was that
the computerized method led to ratings of not required for four abilities
that were rated as required with the paper-and-pencil forms. These four
abilities are given in Table 1. Subsequent analyses revealed that the
discrepancy in ratings given to reaction time was an artifact of the

Table I
Abilities Rated as Not Required with the Computer
but as Required with Paper-and-Pencil Forms

Ability Mean rating with paper-and pencil forms

Stamina 6.1
Closure flexibility 5.4
Reaction time 5.3
Static Strength 4.8

decision diagrams used to program the computer. The reason behind the
other differences was not perfectly clear, but was most likely attributa-
ble to subtle differences between the two methods in the ability defini-
tions. Such small differences could easily be rectified with future
versions of the instruments.

Given that the two procedures produce similar results in a measure-
ment or psychometric sense, a choice between the two instruments would
depend upon other consideration Each procedure has advantages for par-
ticular situations. The paper-and-pencil forms are inexpensive and can be
administered in groups or by mail. These considerations are especially
compelling when the instrument needs to be administered to a large namber
of 0ob experts to get the required data.

The computerized procedure, however, does have advantages when the
suboect matter experts are in short supply or have limited availability
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for testing. One of these advantages is time. Rossmeissl et al. noted
that the mission requirements could be evaluated in about fifteen to
thirty m:nutes using the computer, while it would take from thirty to
forty-five minutes to complete the task with the paper-and-pencil rating
scales. Also, a debriefing of the participants in this research showed
that those who rated ability requirements with the computer found the task
more enjoyable than those who used the paper-and-pencil scales. Several
participants in the computer group offered to perform the task again,
perhaps for some other mission. Such a desire seemed to be far from the
mind of anyone who had used the paper-and-pencil scales.

Other Computerized Procedures

The approach outlined above where one simply computerizes an already
popular paradigm makes minimal use of the power inherent in the
microcomputer. An alternative approach is to develop ability requirement
assessment procedures that are designed especially for computer admini-
stration. The remainder )f this paper will discuss some of the procedures
of this sort currently b? considered by the Army Researcb Institute (ARI).

One of these approaches would maintain the use of rating scales to
estimate the ability requirements, but use Artificial Intelligence (AI)
techniques to provide a more powerful and easy to use tool. Current hard-
ware and software capabilities make it possible to develop a system that
"learns" from the user as well as one that allows the present user to
learn from the responses of previous users. Such a system would select
questions and negotiate responses with the user using the responses of the
previous users as the basis of netotiation. Rossmeissl, Rigg, and Best
(1983) presented an outline of how such a system might work.

The system would be menu driven to elicit information about the
boundary conditions of the job being assessed. The highest order menu
might contain global job titles liks mechanic, driver, instructor, pilot,
etc. and ask the user to select the job most like the one being assessed.
If the user selected "mechanic," the next menu would present more specific
information about mechanics such as automotive mechanic or tracked vehicle
mechanic, and ask the user to selec, that job closest to the job being
assessed. The final menu in this sejuence might ask the user to select
that job closely resembling the one being analyzed. For example if the
user had selected tracked vehicle mechanic, he or she would be presented
with a menu including jobs or systems in thio area, like M113 armored
personnel carrier or M Main Battle Tank.

A selection from the final menu would initialize scales and data
matrices with the boundary conditions for a .ob of mechanic in that par-
ticular system. The user would then proceed through the branching scales
"teaching" the software how the new job differs from the one within the
reference system. The user would still branch around inappropriate scales
as in the earlier procedure, but if he or she skipped a scale which had
been a requirement in the reference job, the software would switch into a
negotiation mode, much like the Delphi procedure, and seek to determine
what accounts for the difference in job ratings. Such a procedure would
also occur when the user rated a scale especially high or low in compari-
son with that scales rating in the reference job or system.
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The key aspect in programming a system of this type is the use of AI
procedures to control the presentation the material. In this case the
software would be constructed within the framework of a work breakdown
structure in which the individual functions, procedures programs, and
utility programs are all specified in a formative front end analysis.
Within this analysis the individual blocks of the system each perform a
single, non-redundant function and are controlled by an executive program.
As the system is used the executive program adds this informatiun to the
data base containing the boundary or reference job, and in this continue
to reduce uncertainty about the new job as well as jobs that had been pre-
viously entered. A system of this sort would make better use of the power
of the computer, while maintaining the traditional rating scale approach
to estimating ability requirements.

As noted previously, such a system is well within the capabilities of
current hardware and software systems and a prototype could be developed
quite easily. The problem in producing an operational system is that a
great deal of basic psychological research needs to be acconplished before
such a system could be meaningful. Such work would include: determining
the proper number and type of boundary conditions at each menu level,
scaling the reference jobs or systems, and developing the appropriate type
of scale for the final assessment stage. This last step is particularly
difficult in that this scale should relate to the reference system but
still allow for comparisons across all possible jobs that might be ana-
lyzed,

The speed whic" computers can present and store data has also led ARI
to consider ability requirement analysis procedures that are not dependent
on rating scales. One such procedure makes use of Thurstone's law of com-
parative judgement. Thurstonian scaling uses pair-wise presentation of
the data to produce an interval scale for the stimuli. Scale values ob-
tained in this manner are directly comparable across both jobs and abili-
ties. Besides being able to make use of the rich statistical theory
underlying the law of comparative judgement, such a method has advantages
over rating scales in that one need not be concerned with the development
of appropriate anchor stimuli and that the procedure is easier to under-
stand and perform than anchored rating scales

The disadvantage of the traditional Thurstonian approach is that it
is that it can be time consuming to both administer and to analyze. For
example, to obtain scale values for say twenty abilities would require
(20!-2!)/2i*(2O-2)! - 190 comparisons. If this procedure were executed on
paper forms or cards, not only would the comparisons themselves take con-
siderable time, but the raw data would require tedious hand analyses or
keypunching into a computer.

Computerizing this process would clearly simplify the job of analy-
sis, but it could also conceivably reduce the number of comparisons re-
quired to scale the abilities. This result could be accomplished by
having the computer first present all of the abilities asking the user
which are required for the job. All abilities estimated as not required
could be assigned a scale value of zero. The computer could then arrange
the abilities that were thought to be required in pairs for scaling. If
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the twenty abilities mentioned above could be reduced to say fifteen the
number of pair-wise comparisons required to complete the task could be
reduced to (15!-2')/2!*(15-2)! - 105 or 55% of the comparisons required
with the full ability set. In such a case the computer is doing what it
does best: inputing information in one form and quickly processing and
converting it into another form.

Conclusion

This paper has outlined a few ways that computer technology can be
brought to bear on the problem of estiamating human ability requirements
within a particular job. An important feature of any such system is that
the technology should a be means in arriving at a reliable, valid, and
useful analysis tool and iot a goal in itself. It is sometimes easy to
view a technologically advanced instrument as impressive just because of
its technology. The final judgement of any instrument should be how well
it does the job at hand, not how it does it. In this case, it is impor-
tant to remember that a good computerized ability analysis package must be
firmly based on empirical research and data before it can be truly useful.
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Chaparral Crew Performance in the
Realistic Air Defense Engagement Systemn

Sarli, Gary G., Johnson, David M., and Lockhart, John M.
United States Army Research Institute

for the Behavioral and Social Sciences
Fort Bliss Field Unit, Fort Bliss, Texas

One of the dangers U.S. forces may face in a future conflict is the attack
helicopter. These helicopters are capable of approaching thei- targets at an
extremely 1w altitude, and need unmask (rise) only briefly - 20 seconds or
less - in order to engage their targets (Personal communication, Directorate
of Combat Developments, April 1985. The Chaparral is a member of the Army's
family of Short Range Air Defense (SW0RAD) weapon systems which defends
against low-flying fixed-wing aircraft (jets) and rotary-wing aircraft
(helicopters) at ranges of less than ten kilometers. Chaparral is
vehicle-mounted and fires infrared-seeking missiles; the other SHORAD weapons
are the man-portable Redeye and Stinger missile systems, and the Vulcan
vehicle-msunted gun system (FM 44-1, 1976). All SHORAD weapons employ at least
two soldiers: A chief or leader, and a gunner., The leader is responsible for
receiving alerts, visually identifying aircraft, and ordering the gunner to
fire. The gunner is responsible for activating the weapon, visually
acquiring and tracking aircraft, and firing the weapon. Other crew members
(in the case of Chaparral, the driver and assistant gunners help emplace the

weapon and then search for aircraft. Actions taken upon detection of an
aircraft will vary depending upon mdny factors, including the aircraft's
specific identity and its actions (EM 44-3, 1977; FM 44-6, 1980).

It is vital that the team or crew make the correct engagement decision in
a timely manner to avoid destroying friendly aircraft or allowing hostile
aircraft to destroy friendly targets. Inasmuch as CONUS Chaparral crearenbers
have been shown to misidentify aircraft 18% of the time (TEA 12-81)
the Improved Chaparral has been equipped with an Identify Friend or Foe (IFF)
electronic interrogation system. When activated by the gunner, the IFF system
sends a coded message to the aircraft and classifies the aircraft as a "true
friend", "possible friend", or "unknown", depending upon the aircraft's reply.
The IFF classification tones are heard by the senior gunner and the squad
leader over their headsets. Of course, the IFF system is not perfect;
aircraft can be wisidentified due to operator error or system damage.

In order to afford friendly aircraft maximum protection, SHOAD crews and
teams operate under weapon control statuses. There are three weapon control
statuses: weapons hold, tight, and free. In weapons hold, the gunner only
fires if attacked. In weapons tight, if an aircraft is identified by IFF or
visually as a true friend, it is tracked until it leaves the area. If the IFF
classifies the aircraft as a possible friend or as an unknown, the aircraft
must be visually identified as hostile before it can' be engaged. In weapons
free status, true and possible friends are treated the same as in weapons
tight; however, if the IFF classifies the aircraft as unknown, it may be
engaged by Chaparral unless local directives and/or SoPs say otherwise.
Qf course, the gunner may always fire in defense of himself or his defended
asset (FM 44-4, 1984). It can be seen that the IFF subsystem and the weapons
control status complicate the engagement process by providing more data to
be processed within the same amount of time and requiring differing responses
depending upon the weapons control status.
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The present experimnt examined Chaparral crew engagements of scale model
heliccpters under various realistic conditions in an effort to answer
questions such as: Is engagement performance different as a function of
weapons control status? Does aircraft intent interact with the effects of
weapons control status? How does IFF return interact with weapons control
status?

The independent variables were 1) Aircraft intent (friendly or hostile),
2) weapon control status (tight or free), and 3) IFF return (possible friend
or unknown for hostiles; true friend or unknown for friends).

The dependent variables were total engagement time; times at detection,
target hancoff (the process by which the squad leader helps the gunner to find
the target), visual acquisition, identification, weapon lock-on, and launch;
numbers of correct and incorrect target handoffs, identifications, and
engagement decisions; and whether or not the missile hit the aircraft.
Sumary performance measures included the percentage of correct
identifications, the percentages of hostiles and friends which were engaged,
the percentages of all hostiles and all friends which were kiled, the
percentages of engaged hostiles and friends which were killed, and the
percentage of hostile targets releasing ordnance.

Method

Subjects

A total of eight Chaparral crews stationed at Fort Bliss, Texas, served as
subjects. The Chaparral may be manned by a crew of four or five soldiers;
four-man crews were used in this experiment. Each crew contained the
following personnel, all of whom have a Military Occupational Specialty (MOS)
code of 16P: Squad leader (rank E5 or E6); Senior gunner (FA or ES);
Assistant gunner (E2 - E4); and Driver (E2 - E4).

RADES Equipment

The Realistic Air Defense Engagement System (RADES) uses realistic scale
model aircraft which perform realistic maneuvers in an outdoor envirorment
against actual air defense weapons. Live rounds are not fired; rather, a
computer determines what the rounds' flight path would have been, and whether
or not the aircraft would have been hit. The FADES system is located on a 2 x
2 kilometer site at Condron Field, White Sands Missile Range, New Mexico.
This area, located in the Chihuahuan Desert, contains vegetated sand dunes up
to about two meters high in the test area, and mountains approximately 10
kilaneters to the west and 60 kilometers to the south. Visibility is usually
in excess of 60 kilometers.

The portion of the RADES system used in the present experiment consisted
of scale model aircraft, a weapon-ccmputer interface, and cosputers which
were used for scenario presentation and data storage. The RADES target
aircraft were non-flying 1/5 scale model Soviet Hind-D and U.S. Cobra
helicopters. The helicopters were mounted upon three stands which could be
raised and lowered five meters under corputer or manual control.
These stands were hidden behind sand dunes so that the helicopters could not
be seen by the weapon crews when the stands were lowered. In this experiment,
the stands were positioned 300 to 450 actual meters (1500 to 2250 scale
meters) from the Chaparral crew and always faced at least 20 degrees away from
the crew. All the helicopters were equipped with a representative infrared
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radiation (IR) source so the Ohaparral IR seeker would have a realistic
probability of locking onto them. To provide feedback to the crews, each
helicopter as also equipped with a device which emitted smcke for several
seconds if the helicopter was "destroyed".

A computer at RADES HQ obtained information such as azimuth, elevation,
and firing from an electronic interface connected to the Chaparral;
infonmation such as time of detection was obtained from the crews'
ccamunications network. The computer then determined times for each critical
engagement event and whether or not the engagement was successful. Another
caiputer at RADES HO stored each engagement scenario and the data produced
during the running of that scenario.

Militaxy Equipment

Military equipment which was used included one Chaparral Missile System
equipped with the IR training round MfI-72F guidance seeker (which simulates
the seeker on the MIM-72C improved missile), mounted upon an inert M30
training ndssile. One IFF subsystem training set, three 7x50 binoculars, two
TA312 field telephones with wire, and one 24W tool kit were also used.

During engagements the senior gunner sat in the gunner's compartment of
the Qnapar-al, the driver occupied an observation post 20 meters south of the
launcher unit, and the squad leader and the assistant gunner occupied a
oimmid post 20 meters north of the weapon. This distance was 1/5 of the
normal separation, to reduce parallax errors which would otherwise have been
introduced by the scaled distances to the targets. The weapon system and
observation and cammand posts were fixed during the experiment, with the
Chaparral facing south (FM 44-3, 1977; FM 44-4, 1964).

Procedure

Each of the eight crews received two practice trials and eight test
trials; one test trial for each combination of intent, weapons control status,
and IFF return. Before the engagement trials began, the crews were given a
simulated Operation Order specifying the mission, enemy, Primary Target Line
(expected direction of attack, which was always due south), and tactical
situation. They were told to search a 90 degree wide sector centered on the
Primary Target Line. The crews were also told that both friendly and hostile
aircraft would be attacking ground targets in their area. Specific
information concerning weapons control status was passed to the crews on a
trial-by-trial basis.

Prior to each trial, the experimenter selected the appropriate IFF
response using the hidden Mode Select switch attached to the Chaparral IFF
Subsystem Training Set. Each trial began when the crew was placed on alert
and began searching for aircraft. Early warning and cueing were always given
via telephone 20 to 30 seconds prior to the appearance of the aircraft. The
cueing was given in the form of a clock azimuth, with the Primary Target Line
designated as 12 o'clock (30 degrees to the left was 11 o'clock, 30 degrees to
the right, 1 o'clock, etc.). The clock azimuth cue varied fram 11 to 1
o'clock; all aircraft first appeared within 15 degrees of this azimuth. On
each trial, one helicopter rose into view, hovered for 20 seconds, and then
descended out of sight. The first crew member to detect the aircraft shouted
"TargetI" and the target's clock azimuth, and helped the squad leader to find
it. The squad leader helped the senior gunner to find the aircraft, then
identified the aircraft visually, aided by his binoculars. As soon as the
senior gunner detected the aircraft, he centered it in the weapon sight range
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ring, electronicaLly challenged it, and listened for the IR tone which
indicated that the missile's infrared seeker had acquired it. If the squad
leader gave an engagement cmmanr and launching was feasible, the senior
gunner "launched" the missile. After launching, the squad leader monitored
the helicopter and issued another engagement order if necessary (Chaparral
engagement, Parts 1 and 2). To prevent the crews fran learning the identity
of the helicopter on each stand, the direction each helicopter was facing was
changed periodically and the type of helicopter mounted upon each stand was
changed midway through the trials for each crew.

Results and Discussion

Table 1 lists the percentage of trials in which various actions occurred
and their associated event times. Although the Chaparral crews detected 97%
of the aircraft, the crews only destroyed 37% of the hostiles and were only
able to destroy 7% of the hostiles prior to ordnance delivery. IFF return had
a significant effect upon the percentage of hostiles engaged under weapons
free: 100% of the hostiles returning an unknown response but only 50% of
those returning a possible friend response were engaged, even though 90% of
the hostiles were correctly identified visually (Chi square (1) = 5.33, p <
.05). The fratricide rate (percentage of friends destroyed) was 16%. 'The
RADES Chaparral crews' visual aircraft recognition performance in the field
was similar to the performance of the Chaparral crews studied by TRASANA (TEA
12-81) in the classroom. Aircraft intent significantly affected the
correctness of the identification decision; crews identified 90% of hostiles
but only 79% of friends correctly (see Table 2).

While the overall engagement tine was 17.6 seconds, gunner interrogation
and firing occurred rapidly. The longest engagement events were the non-
machine-aided detection and visual identification and the IR seeker lock-
on events. tnck-on overlaps with visual identification. The only
significant effect on any engagement event time was the three-way interaction
of intent, weapons control status, and IFF return on identification time (see
Table 2). For hostile helicopters, the fastest identification time (14.7
seconds) occurred in weapons free with an IFF return of unknown, and the
slcjest (19.5) in weapons free, possible friend. Fbr friends, the fastest
identification time (15.2 seconds) occurred in weapons free, true friend, and
the slowest (21.4) in weapons tight, true friend.

TABLE 1
AGEMENT PERFOIRMANCE

PEP43MAGE SCORES : EVE TIMES (in seconds)

Aircraft detected ............ 97 • Detection ............. 7.5
Correct handoffs ............. 87 I.F interrogation ..... 8.2
Correct IDs .................. 88 • Track / lock-on ...... 16.8

Hostiles ............... 90 : Visual ID .......... 17.4
Friends ................... 79 : Missile launch ....... 17.6

Friends engag . ............ 26
Hostiles engaged ............. 70
Friends killed ............... 16
Hbstiles killed .............. 37
Hostiles releasing ordnance..93
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Table 2

NMA Results

tEPEN T : INDEPENDEr : df F p :DIRCTION OF EFFECT
VARIABLE: VARIABLE :

Detection time : Weapons Control: 1,56: 3.40: .071: Free > Tight

: Status (WCS) :

ID Correctness : Intent : 1,56: 5.62: .021: Hostile > Friend

Decision to fire: Intent : 1,56: 3.50: .067: Hostile > Friend

Decision to fire: WCS x IFF : 1,56: 3.50: .067: Free-UW > Free-XFPF
: Tight-'rFPF > Free-TFPF

Time of Track : Intent x IFF 1,34: 3.76: .061: Hostile-UNK > Hostile-TFPF
: : : : : Hostile-N( > Friend-K
* . . . : Friend-TFPF > Friend-NK
: : . : : Friend-TFPF > Hostile-FPF

Tim of ID : Intent x WCS : 1,56: 4.22: .045: Friend > Hostile
x IFF : : : :Free > Tight, TFPF > UNK

Decision to fire: Intent x WCS : 1,56: 3.50: .067: Hostile > Friend
: x IFF : : : :Tight > Free, UNK > TFPF>

The finding that crews were more likely to correctly identify hostiles
than friends means that crews are more likely to think a friendly aircraft is
hostile and engage it than they are to think an enehy aircraft is a friend and
fail to engage it. This may be due to the fact that a 1/5 scale Hind-D is
much larger than a 1/5 scale Cobra, and therefore subtends a larger visual
angle, making recognition easier. A related idea is that Hind-D's are
intrinsically easier to recognize than Cobras because Hind-D's have more
distinctive features. Another possible explanation has to do with response
bias. The crews axe predisposed to identify aircraft as hostile because when
they train using the Chaparral, visual identification is not always practiced.
Instead, the aircraft presented to them are assumed to be hostile. A third
possible explanation for these results is that crews spend more time and/or
effort learning to identify hostiles than friends.

It is possible that Weapon Control Status did not have a significant main
effect because the crews usually train under Weapons Tight.

Following the Chaparral experiment, more types of helicopters, more
stands, and several types of flying jet aircraft have been added to RADES. We
are optimistic about the use of RADES to study a wide variety of SHORAD air
defense issues in the future.
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Command and Control Teams: Techniques for Assessing Team Performance

Merri-Ann Cooper
Advanced Research Resources Organization

SamuI Shiflett
George Washington University

Arthur L. Korotkin
Advanced Research Resources Organization

The Air Force uses tactical command and control (C
2
) systems to task

and manage combat missions and responses to crisis situations. A tactical
C
2 

system provides: (1) central authority and coordination to determine how
to use available forces, (2) a structure to send information and decisions
between the commander and the forces and between adjacent units, and (3) a
mechanism to originate and filter information from a number of sources to
the commander. The key to the C2 system is the effective and rapid col lec-
tion, processing and transfer of information to the comander. Considerable
resources, management attention and research have been spent in the topic of
C
2 

systems in recent years. In order to address several still unresolved
issues on tactical Cz systems, the Air Force Human Resources Laboratory
began a research program focusing on personnel performance and training.
This study (with monitor Lawrence Finegold) addressed one of the unresolved
issues: team performance. The purposes of the project were to: identify
the team characteristics of units operating C2 systems, to study the ways
currently used to evaluate C2 operations to see If team aspects are con-
sidered, to study C

2 
teams to determine if team functions could be observed,

and to see if rating scales on team functions could be used for the assess-
ment of C

2 
team performance.

Method

In order to determine whether a team performance framework was appro-
priate for studying tactical C2 systems, information was gathered about the
basic characteristics of C

2 
systems, about the team aspects of C

2 
systems

and about the procedures used to evaluate personnel performance in C2

systems. Three methods were used to study tactical C2 systems. First, the
project staff reviewed Air Force documentation and research on C2 units.
Second, the project staff made field visits to observe three C

2 
units: The

North American Air Defense Command (NORAD)/2Oth Air Division at Ft. Lee,
Virginia; the 728 Tactical Control and Reporting Center (CRC) at Eglin Air
Force Base, Florida; and the 507th Wing Tactical Air Control Center (TACC)
at Shaw Air Force Base in South Carolina. At these sites, semi-structured
interviews were held with operational and training personnel. Third, the
project staff observed exercises at two of the units and interviewed exer-
cise participants and the associated exercise staff. The two exercises we
observed were war simulations, Blue Flag, in which the TACC participated and
a System Training Exercise for the CRC. During the exercises, the ARRO
staff both identified team tasks and characteristics as well as observed and
evaluated team performance using scales developed to assess team functions.
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Because of the size and complexity of the C2 units and the number of
teams which make up these units, the observations and Interviews focused on
two small teams in each C

2 
unit. Each team was selected using the following

criteria: the team has a fixed structure, organization and task; the team
participates in exercises; team interactions could be observed, and the
teams differ in terms of being proceduralized (restricted in terms of
activity options). The Weapons in the CRC represents the proceduralized
type of team and the Fighter Duty Officer Team in the TACC was selected to
represent a less proceduralized team.

Assessment of Team Functioning

Three approaches have been used to evaluate team performance. One is
the evaluation of the quality of team's product (e.g., Bass, Farrow &
Valenzi, 1079; Morgan, Coates, Kirby & Alluisi, 1984). A second is a
reasure of the performance of the entire system of which a team is a part
(e.g., Obermayer, Vreuls, Muckler & Conway, 1974). Neither of these methods
is appropriate in this study since they dc not differentiate among the
contribution to outcomes of Individual team members, of teams, and of
available resources. We decided, instead, to use a measure of team func-
tions. The measure was based on a taxonomy initially developed by Nieva,
Fleishman and Rieck (1978) from a review of the substantial literature on
team performance. Draft scales measuring team functions (see Figure 1 for
an example) were developed end pretested in a second study by Shiflett,
Eisner, Price and Schemmer (1982) in which films of Army combat and combat
support teams were observed. Naive raters who had been briefly trained
about the functions, observed taped segments and used the rating scales to
determine whether or not the functions were present. These raters observa-
tions were reasonably reliable.

The team taxonomy is presented in Table 1., The functions in the
taxonomy are organized into five general categories: (1) Orientation
involves, the generation and exchange of information concerning member
abilities, the task, and the environment (resources available, opposition
data, and environmental conditions); (2) Resources Distribution concerns
matching task requirements to member abilities and the number of members
required; (3) Timing involves pacing of activities by the team and by
individual team members; (4) Response Coordination concerns the coordination
of activities between team members to ensure synchronized performance; and
(5) Motivation which involves energizing and directing the group (e.g.,
developing group norms, reinforcing performance, and resolving conflicts).

Team Characteristics of C
2 
System

One of the two C
2 

teams studied was the Weapons Team In the CRC. The
Weapons Team has primarily responsibility for distributing aircraft to
intercept unidentified aircraft and attacking hostile aircraft. The Weapons
Team is headed by the weapons assignment officer (WAO) who is assisted by a
weapons assignment technician. Under the WAD are subteams made up of dyads,
each composed of an air weapons controller and an air weapons controller
technician. Each of these dyads sits at a radar scope console and has
primary responsibility for controlling aircraft in a particular area of the
battle zone, The pilot is dependent primarily on that controller to get the
aircraft to the target safely and efficiently. In the CRC team, most of the
team functions were expressed in terms of communication activities, the
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Rate the extent to which you perceived 
the RESPONSE COORDINATION

function occurring indicating the degree 
to which the team coordination

efforts occurred in a comptex and detailed manner, requiring careful

and con'rnuous monitoring of other team 
member activities.

7 The response coordination involved

very complex and detailed adjustment

and sequencing of behavior.
6

5

4 The response coordination involved

moderately, complex adjustments and

sequences of behavior.

3

The response coordination involved

simple adjusiment and sequencing of

behavior.

Figure 1: Scale measuring response coordination
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Table I

Taxonomny of Team Functions

A. Orientation Functions

1. Information exchange regarding member resources and constraints

2. Information exchange regarding team task and goals/mission

3. Information exchange regarding environomental characteristics
and constraints

4. Priority assignment among tasks

B. Resources Distribution Functions

1. Matching member resources to task requirements

2. Load balancing

C. Timing Functions (Activity Pacing)

I. General activity pacing

2. Individually oriented activity pacing

D. Response Coordination Functions

1. Response sequencing

2. Time and position coordination of responses

E. Motivational Functions

1. Development of team performance norms

2. Generating acceptance of team performance norms

3. Establishing team-level performance-rewards linkages

4. Reinforcement of task orientation

5. Balancing team orientation with individual competition

6. Resolution of performance-relevant conflicts

From Shiflett, Eisner, Price, and Schemmer (1982)
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major behavior in the CRC. The Orientation Function, defined In terms of
information about intercepting a target, was observed in terms of display
plotter board postings of the air situation, that are monitored by team
members. A lot of time was spent on Response Distribution, as information
about available resources was updated so that resources could be assigned to
new targets. The Timing function was most directly seen in the attempts to
ensure that the posting of the actual situation was current. Responme
Coordination functions occurred primarily between teams, as information
flowed from the Surveillance Team, which identifies aircraft as friendly or
hostile, to the Weapons Teams, to the people who update the plotter boards.
Motivation functions were not in evidence, which is not surprising since
they typically occur early in the groups development (Shiflett at a$.,
1982). One function we observed, that Is not in the taxonomy, concerned the
detection of errors or system monitoring.

The second team selected for study was the Fighter Duty Officer Team in
the TACC. The TACC is the tactical air control element with primary respon-
sibility for command and control of theater operations. This team has
responsibility for carrying out, monitoring and adjusting tactical air
operations as planned the previous day. The team receives and reviews the
plan concerning the types of missions, the number of each type of mission,
and the resources to be allocated. The team members plan in detail the
sorties assigned to them. When the plan is changed, the team is responsible
for planning new missions. It's job is to get the appropriate number of
the proper type of aircraft, armed with the correct ordnance for the job, to
the target and back to base or to an alternate landing site. In addition
they are responsible, after the sorties are planned, to post them on the
status boards in order of expected time over target. In the TACC, there was
some interaction within the team, but most of the Interaction observed were
between team members and other teams, either in the TACC or in the cooperat-
ing units (e.g., the CRC, Army units). The senior members of the Fighters
Duty Officer Team were involved in Orientation functions, by updating the
team on changes In Yaroets, intelligence and the battle situation. Resource
Distribution was observed in the attempts of team members to plan sorties so
that the allocated resources achieve the assigned missions. The Timing
funct: on was obviously a key aspect of the fACC, since the battle situation
is time sensitive. Making sure that aircraft were allocated in a timely

manner involved coordination in the team and with other teams. Response
Coordinallon is the most critical of the team dimensions in the TACC since
the TACC coordinates the activities of the offensive war. However, most of
these functions are with individuals outside the primary team: with ground
troops, tankers, reconnaissance, and the CRC. The motivational functions
were not directly observable, although the level of motivation could be
inferred from the heightened activity at certain periods. Finally, system
monitoring or error detection was again observed In the attempts to obtain
feedback about whether the missions proceeded as they should.

Evaluation of C
2 

Performance

Several types of assessment procedures are currently used to evaluate
Air Force personnel who operate C

2 
systems: assessment of the performance

of units during training exercises, assessments of operational readiness,
tests of individual performance and knowledge, and reviews of paperwork. In
the two exercises that were observed, controllers observed the exercise,
identified problems in performance and provided feedback to participants.
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These evaluations concerned outcomes (e.g., number of enemy aircraft
destroyed) rather than behavior. Individual performance and team inter-
actions were rarely explicitly evaluaTed. This may be partially the result
of the few evaluators, relative to participants, present in the exercise.
Since these are primarily training exercises, the focus is also on improving
performance, rather than evaluation. The other evaluations (Operational
Readiness Assessment. Standardization/Evaluation Report and Management
Effectiveness Inspection), despite being more standardized and more inten-
tionally evaluative, do not assess team performance or coordinatian.

Use of the Team Functions to Evaluate C2 Functioning

A major purpose for studying tactical C2 teams was to determine the
adequacy of the taxonomy of team functions as a basis for evaluating C2

performance. In general, it was found that the team functions were able to
capture most team related aspects of tactical C2 teams. All of the func-
tions, except for motivation, defined In the taxonomy appear to be present,
to some degree, in tactical C

2 
teams. It became apparent that one function

that occurred was not In the taxonomy. It was system monitoring, which
involves the checking of all system elements for errors and ommissions.

A major problem emerging from the observation of C
2 

teams involved the
scales used. The scales describe the level of a function without regard for
the situational requirements. Such scales may be less appropriate for
evaluation than for description. In addition, in the C2 setting, certain
teams functions did not seem to differ in degree and thus were not appro-
priate to be rated on a seven-point scale. Rather, measures involving
presence/ absence, frequency or timeliness might be more appropriate. There
were two additional problems in assessing performance In tactical C

2 
teams.

First, the complexity of the C
2 

situation made understanding and evaluation
difficult for an observer who Is not knowledgeable about the C2 environ-
ment. Second, because many team functions involved communication, an
observer not linked into the communication system could not effectively
observe many team interactions.
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Item Factor Analysis of ASVAB 14
Clarence McCormick

HQ U.S. Military Entr.nce Processing Command

In the Fall of 1984, for a special project, we tested all the students
(about 15,000) in about 50 high schools scattered around the country with the
Armed Services Vocational Aptitude Battery, Form 14. This study reports the
results of some item factor analyses of Form 14A. The results for Forms B and
C replicated those reported here. The students were 5,260 9th-12th graders
with approximately half male and half female. The analysis involved only the
8 power scales. All analyses used the SPSSX principal axes procedure with
squared multiple correlation as initial estimates of the communalities, the
greater thau unity equivalence criterion and varlmax rotations.

All Items. Phi coefficients were used rather than tetrachorics because
the procedure available to us for calculating tetrachorics could not handle
the 200 items. Forty-three factors were initially extracted. After rotation
only five factors showed enough variables loading on them highly enough
(loadings equal to or greater than .30) to define the factors. The rest were
all either singlets or doublets relative to this criterion. Table 1 presents
a summary of the results for these 5 factors. The table presents the number
of items in each subtest which showed loadings equal to or greater than 30 on
each of the 5 factors; the average and range of the difficulty (p) values for
those items; the final solution eigenvalues; and percents of variance
accounted for by each factor.

Table I

Summary of Factor Analytic Results for all 200 Items

FACTORS

Subtest I II III IV V
General Sciences 6 5
Arithmetic Reasoning 4 19
Word Knowledge 15 14
Paragraph Comprehension 7
Auto and Shop Information 17
Mathematics Knowledge 2 8 3
Mechanical Comprehension 2 2
Eletronics Information 6
Average "p" .75 .46 .47 .44 .23
Range of p-values .63-.92 .30-.62 .24-.74 .22-.39 .20-.26
Eigenvalues 26.13 4.01 3.36 1.99 1.17
Percent of Variance 13.1 2.0 1.7 1.0 0.6

The first three factors are clearly the Verbal, Math, and Shop/Technical
factors reported for the ASVAB when the subtest scores are factor analyzed
(Ree, et aL., 1982). Factor IV is another, clearly definca, Verbal factor;
and Factor V is another, minimally defined, Math factor.

Tne two verbal factors are clearly separated on the basis of the diffeulty
levels of the items. The first factoe consists entirely of relatively easy
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items while the third factor consists of items at moderate difficulty levels.
There is no overlap in the ranges of these values for the two sets.
Similarly, for the two

Match factors; however, the distinction now is between moderate and
difficult items. Presumably, Factor V might have been better defined if there
were more relatively difficult Math items available in the pool.

Factor III, however, presents us with simply a content factor with
difficulty values over the full range from easy to hard. In the case of this
set of items the common variance attributable to content seems to outweigh
common variance on the basis of difficulty level. Perhaps if there were more
easy and hard items available in the pool for this content area we might find
additional difficulty factors.

With this idea in mind we can look at the 4 Arithmetic Reasoning, the 2
Math Knowledge, and the 2 Mechanical Reasoning items which appear on Factor
I. We might hypothesize, as is often done, that these items are primarily
verbal in nature and thus show very close relationsips to other verbal items
in the pool. Perhaps. However, it is clearly true that these items are very
easy items (the p-values range from .64 to .92) like the verbal items on the
factor. It seems quite reasonable to hypothesize that these items are
allocated to the first factor primarily on the basis of common difficulty
level variance rather than common content variance. Again, we might infer
that if more easy items for these content areas had been available we might
have found separate difficulty factors for them.

One inference, then, which can be made from these results is that item
factor analysis can supply information useful for the construction of
batteries such as the ASVAB. Given an initial pool of items with relatively
large subsets balanced fcr difficulty level as well as for content we can
construct well structured tests which should help eliminate some of the
discrepancies found in the factor analytic literature where some items seem to
migrate from factor to factor across different studies.

Another important implication of these results is that counselors need to
bear in mind the hierarchial nature of the test scores used in the battery.
At the item levcl we find (ignoring differences in difficulty level) three
separate, orthogonal sources of variance in the content of the items. When
these items are clustered together into subtests and the resultant subtest
scores are factored we find the same three factors; however, now these factors
are correlated. These intersubtest correlations imply that the subtest scores
tend to vary similarly--either up or down--on the average. That is to say
.)at at the level of the subtest scores we find evidence of some general
reasoning factor which is not evident among the item responses. It might be
useful, as Jensen (1985) points out, to examine the relationships between
different levels of general ability and various training criteria.
Nevertheless, the counselor should also be aware of the fact that underlying
the general factor are several relatively independent sources of variation
which can contribute to various differences in individual and subgroup
profiles. As an example of this principal we can examine an analysis of the
ASVAB composites. The example also serves to underscore the sensitivity of
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factor analysis to differences in the samples of items (or scales) which are

intercorrelated for the analysis.

Composlte Forms. To conserve space we present here only an analysis of

the Verbal Composite which is made up of the Word Knowledge, Paragraph
Comprehension and Geneial Science subtests (75 items). However, it should be
noted that the same results were obtained for the other six composites used in
the Student Testing Program.

Six factors were found to be interpretable after rotation. Factor I
consisted of 14 WK and 4 GS easy items; and Factor II of 13 WK, 1 PC, and I GS
moderately difficult items. Facto,* III consisted of 6 GS and I WK moderately
difficult items; and Factor V of 4 GS relatively easy items. Factor IV
consisted of 8 PC easy Items; and Factor VI of 5 PC moderately difficult items.

Thus, when all items were factored together we obtained 3 orthogonal
factors reflecting differences in common variance between the three general
content areas covered by the ASVAB; and the Word Knowledge, Paragraph
Comprehension, and General Science items all loaded, for the most part, on the
first factor. However, when we analyse only this set of items we find that
the factor breaks up into 3 orthogonal sets representing the 3 separate
subtests relative to content plus a matched set representing differences in
difficulty levels.

Again we might note that if the subtests had been balaced in terms of
equal numbers of hard, moderate, and easy items and in terms of relatively
equally high loading items within each content area the results would probably
be even clearer. However, we would like to stress here the similarity between
these results and those of the multiple regression studies from which these
composites were constructed. Certainly, the composite scores are highly
intercorrelated. Never the less, within each composite the item sums would
seem to be relatively Independent and can be expected to vary relatively
independently for at least some individuals and for appropriately constituted
subgroups. Of course, we might expect to maximize that relative independence
by using the results of item factor analyses to help select an appropriately
balanced set of items for each subtest.

Subtest Items. The items of each subtest were also factored to obtain
evidence on the dimensionality of each of the subtests. Current opinion seems
to favor the use of tetrachorics when factoring dichotomous Items. It is hard
to see why this should be so. The reason often given is that tetrachorics are
unaffected by item difficulty levels and so will not produre so called
"difficulty" factors. However, it has long been known that difficulty factors
can be obtained as readily when tetrachorics are used as when phis are used
(Guiford, 1941; Gourlay, 1951). It is also well known that tetrachorics are

inappropriate whenever guessing is likely to be involved in the responses
(Carroll, 1945; Lord, 1980) as would seem to be the case for many ASVAB items.

At any rate, we calculated item intercorrelations both as phis and as
tetrachorics and compared the resulting factor solutions. Both types of
correlation coefficients produced the expected "difficulty" factors. In fact,
the solutionj were so similar that we simply present the summary results for
the analysis which used the phi coefficents (Table 2).
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TABLE 2

Summary of the Factor Analytic Results for the Subtest Item

I II III
No. of Average No. of Average No. of Average

Scale Items p Items p Items p

WK 14 .80 21 .47
PC 8 .67 7 .43
GS ii .66 4 .55 10 .34
AR 5 .73 7 .59 16 .39
AS 6 .60 12 .44 6 .27
MK 10 .60 3 .43 12 .35
MC* 10 .55 4 .41 8 .36
El 7 .56 5 .42 6 .26

*MC also exhibited a doublet witb difficulty values in the .20's.

It seems clear from the taibie all the factors for each subtest seemed to
be difficulty factors. WK and PC exhibited two factors each: one for easy,
the other for moderately difficult items. The other subtests showed three
factors each; one for the easier, one for the moderately difficult, and one
for the more difficult items.

Examination of the content of the items on each of the factors failed to
reveal any consistent trends for the factors to be related to content
differences.

Thus, the major source of variance among the item responses for each of

the subtests would seem to be difficulty level. Happily so; for it is just
these individual differences which we wish to measure. Each of the subtests,
then, can be assumed to be unidimensional varying only along a scale of
difficulty. This, seems to be true even where we might not expect
unidimensionality. For example GS is made up, basically, of two different
items types: those which have content taken from the physical sciences and
those with content from the biological sciences. Yet, these items (as we saw
in the initial analysis) do not seem to be measuring achivement tn these
separate areas of study. Rather, they seem to be measuring a more general
aptitude: an aptitude for verbal learning.

The same inference as to the basic undimensionality of the subtests can be
found by looking at another index of undimensionality the ratio of the first
eiginvalues to the second as compared to the ratio of the second to the
third. The former ratio ranged from 2.5 to 4 (with mcst about 3.5) while the

latter ranged from 1.2 to 2.2 (with most about 1.5).

Note: Specific statistics obtained in these factor analyses are available

from the author upon request.
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ALTERNATE FORMS RELIABILITY OF THE ARMED SERVICES
VOCATIONAL APTITUTDE BATTERY (ASVAB) FORMS 8, 9, AND 10

Brian M. Stern
Human Resources Research Organization

Leonard A. White, Hilda Wing, and Sidney A. Sachs
U.S. Army Research Institute for the Behavioral and Social Sciences

The purpose of this research is to document the reliability of examinee
scores on alternate forms of the Armed Services Vocational Aptitude Battery
(ASVAB) Forms 8, 9, and 10. The ASVAB Forms 8, 9, and 10 are composed of ten
subtests: General Science (GS), Arithmetic Reasoring (AR), Word Knowledge
(WK), Paragraph Comprehension (PC), Numerical Operations (NO), Coding Speed
(CS), Auto Shop Information (AS), Math Knowledge (MK), Mechanical
Comprehension (MC), and Electronics Information (El). Two of these subtests,
Numerical Operations and Coding Speed, are considered speeded tests. The
remaining eight subtests are power tests with specific time limits for each
administration. ASVAB subtests are grouped together in specific ways to form
Aptitude Area composites and a measure known as the Armed Forces
Qualification Test (AFQT). Scores on the AFQT are used for selection and
scores on the ten Aptitude Area composites are used for occupational
classification.

The ASVAB 8, q, and 10 has six parallel forms designated as 8a, 8b, 9a,
9b, 10a, and lob. For each of the six forms, the four subtests that comprise
the AFQT consist of a unique set of items. The remaining six suotests have
three parallel forms (8a, 8b), (9a, 9b), and (10a, lOb). For these six
subtests, identically numbered ASVAB forms (e.g., 8a and 8b) contain the same
items. Since the six forms have been shown to be equivalent (Ree, flathews,
Mullins, & Massey, 1981) the present research did not distinguish among them.

Reliability of ASVAB Subtest

Wilfong (1980) examined the test-retest reliability of the ASVAB Form
5, the DoD Student Testing Program version of the ASVAB. Test-retest
reliability coefficients for six subtests ranged from .61 to .83. More
recently, McCormick, Dunlap, Kennedy, and Jones (1983) investigated the
stability of ASVAB 8, 9, and 10 subtests and composites using a group of 57
trainees enrolled in a Job Corps center. As part of a research project,
trainees were administered parallel forms of the ASVAB on successive days.
After correction for range restriction, the coefficient of stability and
equivalence for ASVAB subtests ranged from .72 fir PC to .88 for MK with a
median reliability of .837.

The purpose of the present research was to examine the reliability of
alternate forms of ASVAB 8, 9, and 10, in the Amy operational environment
where the test-retest interval is at least 30 days.

The views expressed in this paper are those of the authors and do not
necessarily reflect the views of the U.S. Army Research Institute or the
Department of the Army.
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METHOD

Subjects

The sample consisted of 23,129 Army applicants who tested and retested
on ASVAB 8, 9, and 10. For this group of applicants retesting occured in
FY81. The test-retest interval ranged from 1 to 11 months.

Records of ASVAB scores are maintained by the Military Enlistment
Processing Command (HEPCOM). Through coordination with tEPCOM a data file
containing the test scores of applicants was made available to the Army
Research Institute. The scores for each examinee were the results obtained
on the two most rcent ASVAB examinations. Applicants who were asked to
retest for verification purposes were not included in the s3mple.

Of the 23,129 applicants who retested, 17,063 (74%) failed to achieve
the minimum AFQT scores required for enlistment on previous testing. In the
sample, 18,422 (80%) were male and 4,707 (20%) were females; 10,981 (48%)
were white, 10,669 (46%) were black, and 1,479 (6%J were other than black or
white.

Procedure

Pearson product moment correlations were computed between subtest scores
obtained by examinees on alternate forms of the ASVAP, 8, 9, and 10. However,
the variance of scores on ASVAB subtests in the sample was subject to
restriction in range. As a consequence of this reduction in variance,
reliability estimates were reduced relative to the population values. The
following formula derived by Kelley (1923) was employed to obtain reliability
estimates for the unrestricted population,

Sx2

Rxx = I- - (1-rxx),S'2

where

Sx2 = the variance in the restricted sample; rxx = the reliability
in the restricted sample; Sx2 = the variance in the unrestricted
population; and Rxx = the reliability in the unrestricted
population.

The reference pepulation was a national probability sample of men and women
aged 16-23 (Office of the Assistant Secretary of Defense, 1982).

RESULTS AND DISCUSSION

Table 1 presents information pertinent to the evaluation of the relia-
bility of ASVAB subtests. The magnitude of restriction in range can be seen
by comparing SO's in the population (column 2) to those SD's obtained for the
sample (column 1). Correlations between exaninee scores on alternate forms
of the ASVAB subtests were computed and adjusted for range restriction using
the Kelley formula. The alternate form reliabilities of ASVAB subtests in
the population ranged from .62 to .87 (column ). Of the power subtests, the
lowest reliabilities were obtained for the two shortest suhtests, Paragraph



TABLE 1

Reliability Estimates of ASVAB Subtests

Standard Deviation Alternate Forms

Popu- Uncor- Cor- Mean Internal IRT
Subtest Sample lation rected rected Consistencies Estimates

GS 3.74 5.01 .62 .78 .86 .86

AR 4.11 7.37 .58 .87 .91 .87

WK 5.69 7.71 .71 .84 .92 .86

PC 2.79 3.36 .47 .62 .81 .68

NO 9.10 10.99 .65 .76 .78a .71

CS 13.35 16.25 .59 .72 .8 5b .82

Al 4.75 5.55 .72 .80 .87 .83

MK 3.09 6.39 .43 .87 .87 .84

tIC a.04 5.35 .62 .78 .85 .83

El 3.21 4.24 .53 .73 .82 .80

aparallel form reliability estimate as reported in Sims & Hiatt (1981).
bliean parallel form reliability estimate as reported in Wilfong (1980).

Comprehension and Electronics Information. Estimates of reliability based on
the average KR-20 across forms (Ree et al., 1982) and an Item Response Theory
(IRT) model (Bock & Mislevy, 1981) are also presented in Table 1. As
expected, the reliability of alternate forms separated in time was somewhat
less than the reliability of one form in a singl6 testing session.

In the Army operational environment, selection and classification
decisions are based on scores on ASVAB composites. Reliability increases
when subtests are combined into composites due to the larger number of items
in the composite measures. The alternate forms reliability of ASVAB
composites in the unrestricted range exceeded .85 in all cases.
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A majority of the retesters in the sample were from the lower quartile
of the ability distribution. The Kelley formula ised to correct reliability
coefficients for range restriction is based on the assumption that error of
measurement is invariant with respect to ability variations in the groups
being tested. One concern here, is that there are reasons for suspecting
that error variance in the group of retesters may be higher than the average
error variance in the population. Errors of measurement for examinees in the
lower portion of the ability distribution are often higher due to the greater
prevalence of random response, carelessness, and inappropriate levels of item
difficulty. Research by Bock and tlislevy (1981) indicates that ASVAB
subtests provide relatively high precision for measuring aptitudes of
individuals at the lower end of the ability distribution. However, error of
measurement is somewhat higher at the very lowest ability levels. In
addition individuals who chose to retest may be among the most highly
motivated to improve their previous test scores. Thus, there are several
reasons for suspecting that error variance in the sample of retesters is
somewhat qreater than error variance in the population. Under these
conditions, the Kelley formula yields a conservative estimate of test
reliability in the unrestricted population (Lord & Novick, 19681.

As a part of this research, Monte Carlo techniques were used to explore
further the accuracy of the Kelley correction formula. The case considered
was where the error variance in the restricted sample is greater than the
error of measurement in the unrestricted population. Bivariate normal
density functions were generated with known degrees of correlation.
Heterogeneity of error variance was introduced by lowering the reliability of
scores in the restricted sample relative to unrestricted population values.
The preliminary results of this Monte Carlo work confirmed the arguments
presented above. Results indicated that correction for range restriction
using the Kelley formula resulted in more accurate reliability estimates.
However, even the reliability coefficients adjusted for range restriction
were conservative. The magnitude of conservative bias increase to the extent
that error of measurment in the restricted range exceeded error of variance
in the population.

To sum up, the alternate form reliability of ASVAB subtests and
composites was found to be reasonably high. More work is needed to develop
correction formulae that can adjust for complexities of distributions
encountered in practice. Further investigation into this area is currently
being conducted by the authors of this paper.
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Introduction

The purpose of this study was to further validate the Safety Locus of
Control Scale (Jones, 1983). The safety scale is based on the locus
of control concept (Rotter, 1966), that is, that individuals either
perceive themselves as being in control of their behavior and life
events (internally controlled) or being controllei by others
(externally controlled).

The safety scale discriminates between internal scorers and external
scorers. Internal scorers believe that they are personally
responsible for their safety and can take preventive steps to avoid
accidents and injuries. Conversely, external scorers believe they
have little or no personal control in accident prevention. External
scorers believe that accidents and injuries are due to forces outside
their control, such as chance, fate, or bad luck. Both the
reliability and the validity of the safety scale have been documented
(e.g., Jones & Foreman, 1985; Jones & Wuebker, 1984, 1985; Wuebker,
Jones, & DuBois, 1985). That is, external scorers typically have more
accidents and injuries than internal scorers.

In this study, safety scores were correlated with employees, self-
reports of their major on-the-job accidents, along with the estimated
medical costs associated with these accidents. It was specifically
hypothesized that employees exhibiting low levels of safety
consciousness (i.e., external scorers) would re-port significantly more
accidents than employees exhibiting high levels of safety
consciousness (i.e., internal scorers). In addition, adverse impact
analyses were conducted since the safety scale has applications in
employment contexts.

Method

Employees. Two hundred eighty-three (Nr283) hospital employees were
sampled. The sample included 58 male, 224 females, and 1 uncoded.
Two hundred sixty-three employees were non-minorities, 18 were
minorities (i.e., Blacks, Hispanics, Orientals), and 2 were uncoded.
Finally, 165 employees were less than 40 years old, 117 employees were
40 years of age or older, and 1 employee did not report age.

This paper was presented at the 27th Annual Conference of the Military
Testing Association, San Diego, -California, October 21-25, 1985.
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Safety Scale. All employees completed the 17-item Safety Locus of
Control ScaTe (Jones, 1983; Jones & Wuebker, 1985). Safety scale
scores can theoretically range from -17 (external scorers) to +17
(internal scorers). Five different studies support the validity of
the scale (Jones, 1985). A Spearman-Brown split-half reliability was
computed on the odd versus even test items (Jones & Wuebker, 1985).
Obtained reliability equals .85.

Accident Criteria. Employees completed the Employee Injury Profile
(Gens, Jones, a Nesbit, 1984), a checklist that assesses major on the
job accidents and injuries that employees had during the past 12
months. Employees reported how many times they were injured at work,
the type of injuries, and their estimate of the total medical costs
for their injuries. Types of injuries assessed included: Major cuts
(5 or more stiches), serious burns or scalds, fractures, dislocations,
crushed parts of body, amputations, strained back and other muscles,
ruptured or herniated discs, torn muscles, hernias, eye injuries, ear
injuries, and concussions. Both the total number of injuries reported
and the total estimated cost Cf the injuries served as the criterion
measures.

Procedure. Employees completed both the safety scale and the injury
checklist during working hours. All employees put their names on the
questionnaires. Employees were informed that the study was for
research purposes only and that information would not be placed in
their personnel files.

Research Design and Statistics. Employees were placed in three
--f-erent groups based on their safety scores. Employees scoring
below the 25th percentile (0=63) were operationally defined as the
"Low Safety Consciousness Group,,. This group had scores that would be
below the acceptable cut-off score for the safety scale. Employees
scoring below standards exhibited attitudes suggesting that accidents
are not preventable since they are due to uncontrollable forces such
as chance, fate, or bad luck. Employees scoring above the 75th
percentile (N=81) were operationally defined as the "High Safety
Consciousness Group". These emplcyees exhibited attitudes suggesting
a firm belief that accidents are preventable. Finally, the
inter ediate group of employees (N=136) formed the "'Medium Safety
Consciousness Group",. Both accident frequency scores and estimated
medical costs were analyzed as a function of level of safety
consciousness. All analyses were computed with the Statistical
Package for the Social Sciences-Portable Computer Version (Norusis,
1985).

Results and Discussion

Descriptive statistics are summarized in Table 1. Inspection of Table
1 shows that the average number of accidents reported per employee
equals 0.71 (SD=1.43). Finer analyses show that 71.8% (N=201) of
employees reported no accidents at work, 10% (N=28) reported one
accident, 8% (N=23) reported two accidents, and 10% (N=28) reported
anywhere from three to seven accidents during the past 12 months.
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The average estimated medical costs for injuries equals $187.68
(8D=$$37.33). More specifically, 71.8% (W=201) reported no medical
costs, 4.6% (X=13) reported $10 in medical costs, 4.6% (N=13)
reported $200 in medical costa, and 19.9% (9=53) reported anywhere
from $300 to $4,300 in medical costs for the year. The accident
frequency scores significantly correlated with estimated medical costs
(r[278] = .66, p < .001).

Veecriptive Statistics

safety Scale 253 1.63 6.05 -14 to 15

So. Accidet 280 0.71 1.43 a to 7

medical costs 20 $157.60 S37.35 0 to $4300

Reliability. A Spearman-Brown split-half (odd versus even)
reliabity coefficient was computed on the 283 safety scale scores.
Obtained reliability equals .70. This coefficient is consistent with
the Spearnar-Brovn coefficient of .85 that was obtained in earlier
research (Jones & uebkeo, 1985).

Validity. The average number of reported accidents was higher for the
LOW Sfety Consciousness Group compared to the Mediua and Sigh Safety
Consciousness Groups. This between-groups difference was statistically
significant (12/277] = 4.92, p < .01). Employees who have an internal
safety locus of control orientation reported reliably fewer accidents
than employees with an external locus of control orientation. These
findings support the concurrent, criterion-ralatod validity of the
safety scale. These findings are sumarised in Table 2.

Accident Frequency as a itntic-% of
Safety Consciousness

safety Consciousness a lamn D

LOW 63 1.13 1.51

Rdiu 136 .71 1.41

Nigh 81 .3a .99

total 380 .71 1.43
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Te est v ated medical costs for injuries was higher for the Low Safety
Consciousness Group compared to the NetXum and Nigh safety
consciousness Groups. This betweez-groupo difference was
statistically significant (P[2/2773 z 3.62, p < .03. These results
are smmarised in Table 3. They also support the validty of the
safety scale.

Injury-ralated Nedlcal ce M & POstIon ofSabot7 Co"cl

Sa:si_ aeimanaas N Nfl s

14 63 $346.03 $805.79

UsdIdM 136 $146.16 $387.70

Nigh $1 $130.86 $473.79

Tetal a0 $17.66 $537.35

Analysis of Table 4 and Figure I reveals that 38% of the Low Safety
Consciousness Group were involved in one or more major accidents at
work, compared to 28% of the Mediua Safety Consciousness Group and 21%
of the High Safety Consciousness Group. This betwen-group difference
was statistically significant using a directional Chi-squared
analysis (12 E2) = 5.13, p < .04). This finding documents that 17%
more of the Low Safety Consciousness Group were involved in accidents
compared to the Nigh Safety Consciousness Group. Other factors, such
as excessive lifting demands of hospital employees, obviously
contributed to aocidents and injuries among both internal and external
scorers on the safety scale. However, the results of this study
indicate that a now psychological construct of "safety locus of
control" can be assesseo and used to predict behavior.

Crosetabu aticm: safety Qr*p by Accidet Group

LOw Natim Nigh

No Awcidents 39 96 64 201

Accidents 24 38 17 79
(1 or SrO)

63 136 81 30
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riiure 1. Percent of employees reporting one or more accidents at
work as a function of safety consciousness.

Adverse Impact. Inspection of Table S shows that safety scores did
not 8ignii-cantly differ as a function of sex, race, or age of
employees. Analysis of Table 6 shows that the pass-fail rates for
employees did not significantly differ as a function of these same
demographic variables. For operational purposes, employees in the Low
Safety Consciousness Group were considered to have failed the safety
scale, while employes in the Medium and Sigh Safety Consciousness
Groups were considered to have passed the test.

Analysis of Table 6 shows that 20.6% of males and 22.7% of females
scored below standards. In addition, 22% of non-minorities and 22.2%
of minorities scored below standards. Finally, 24.9% of the employees
who are less than 40 years of age soored below standards compared to
18.8% of the employees who are 40 years of age or older.
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&&arm* Zuat *mlyme

: l~e 58 3.14 6.33
sm e S 1.15 5.96

Total 212 1.84 6.05

7(1/280) - 3.3S, p 3 .05, non*sgiiticast

fln: I-imnritime 263 1.89 6.12

iUorlties is 1.5 6 .34

Tvtal 281 1.36 6.06

7(1/279) - 0.0S, p >.05, Wn-lliOgqcast

ku: <20 12 -1.25 6.22

20-29 62 1.97 6.34

30-39 91 1.85 6.03

4C-49 63 2.54
50+ 54 1.57 5.93

Total 282 1.66 6.06

7(4/277) - 1.02, p > .0S, man-.Sn'tiaat

Safety Scale Page-Fail Rat"

arxm um Noim Risk za~w

Ll: males 12 26 20 58

7.moae 51 111 62 224

Total 63 137 82 282

Stati3tiC: X2 (2) " 1.03, p > .05, R.3.

W Won-sinoritiOS 5s 123 77 263

Itinorities 4 3 5 18

Total 62 137 12 231

Statistic: X2 (2) - 0.02, p > .05, X.S.

: (20 6 3 3 12

20-29 15 29 1s 62

30-39 20 43 20 91

40-49 10 34 19 63

50+ 12 28 14 54

Total 63 137 82 282

statistic: X2 (8) . 0.46, p -. 05, W..
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The obtained results are consistent with previous research (Jones,
1965). Imployees exhibiting a high level of safety consciousness
(i.e., internal scorers) are typicmlly involved in fewer accidents and
injuries at work compared to employees exhibiting a low degree of
safety consciousness (i.e., 4xtarnal scorers). The Safety Locus of
Control Scale provides industry with a standardized evaluation of
safety consciousness among employees.
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HEALTH LOCUS OF CONTROL BELIEFS AMONG INFANTRYMEN
LAURA W. GRIEGER

U. S. ARMY INFANTRY SCHOOL, FORT BENNING, GEORGIA

Who is responsible for one's health? The answer to this question is a
matter of major concern for military leadership at every level. Optimum
health and fitness are high priorities among the myriad of concerns and re-
sponsibilities of every commander. This study will explore the health locus
of control beliefs among Infantrymen to discover whether their beliefs are
internal or external and whether demographic factors such as religious pre-
ference, ethnic background, age, or level of education account for differ-
ences.

Background to support this study begins with a review of the related
literature. Development of the Health Locus of Control (HLC) Scale, by
Wallston, Wallston, Kaplan, and Maides, was as a unidimensional measure of
peoples' beliefs that their health is or is not determined by their behavior
(Wallston, Wallston, DeVellis, 1978). The HLC Scale was designed to yield
a single score, using a Likert-type scale response, to indicate health-
related behaviors as primarily one of the following two types:

a. Health externals: Individuals whose generalized expectancies that
the factors which determine their health are such things as: luck, fate,
chance, or powerful others, or factors over which they have little control.

b. Health internals: Individuals whose generalized beliefs that con-
trol for health is internal and that an individual stays or becomes healthy
or sick as a result of his/her behavior.

From both a theoretical and empirical perspective, the exploration of
health locus of control is warranted. Rotter's theory that peoples' be-
havior can be predicted from a knowledge of how they view a situation, their
expectancies about their behavior, and how they value the outcomes that
might occur as a result of their behavior in that situation (Rotter, 1966)
provide the theoretical basis for this study. From the empirical perspec-
tive, an increasing number of health researchers have measured locus of con-
trol beliefs and have attempted to relate these expectancies to a host of
health-related oehaviors (Strickland, Wallston, and Wallston, 1978).

Levenson 1974) questioned the conceptualization of lccus of control as
a unidimensional construct. She reasoned that not only are internal beliefs
at right angles to external beliefs, but understanding and prediction could
be further improved by studying fate and chance expectations separately from
external control by powerful others. Her work further resulted in the de-
cision by K. Wallston and G. Kaplan to reconceptualize health locus of con-
trol along multidimensional lines, to develop new scales consisting only of
personally worded items, and to create two equivalent forms of the health
locus of control scales. Table I presents the items chosen for each of the
three sca'es and form pairs for the Multidimensional Health Locus of Control
(MHLC) Scales.

TABLE 1
Multidimensional Health Locus of Control (MHLC) Scales Equivalent Forms

Internal Health locus of Control Items
(IHLC)

Form A Form B
1. If I get sick, it is my own I. If I become sick, I have the
behavior which determines how soon power to make myself well again.
I get well again.
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6. I am in control of my health. 6. I am directly responsible for
my health.

8. When I get sick I am to blame. 8. Whatever goes wrong with my
health is my own fault.

12. The main thing which affects my 12. My phvsical well-being depends
health is what I myself do. on how well I take care of myself.
13. If I take care of myself, I can 13. When I feel ill, ; know it is
avoid illness, because I have not been taking care

of myself properly.
17. If I take the right actions, I 17. I can pretty much stay healthy
can stay healthy. by taking good care of myself.

External
Powerful Others Health Locus of Control Items

(PHLC)
Form A Form B

3. Having regular contact with my 3. If I see an excellent doctor
physician is the best way for me to regularly, I am less likely to have
avoid illness, health problems.
5. Whenever I don't feel well, I 5. I can only maintain my health
should consult a medically trained by consulting nealth professionals.
professional.
7. My family has a iot to do with my 7. Other people play a big pait in
becoming sick or staying healthy, whether I stay healthy or become

sick.
10. Health professionals control my 10. Health professionals keep me
health. healthy.
14. When I recover from an illness 14. The type of care I receive from
it's usually because other people other people is what is responsible
(for example, doctors, nurses, family for how well I recover from an
friends) have been taking good care of illness.
me.
18. Regarding my health, I can only 18. Following doctor's orders to the
do what my doctor tells me to do. letter is the best way for me to

stay healthy.

External
Chance Health Locus of Control Items

(CHIC)

Form A Form B
2. No matter what I do, if I am going 2. Often I feel that no matter what
to get sick, I will get sick. I do, if I am going to get sick,

I will get sick.
4. Most things that affect my health 4. It seems that my health is
happen to me by accident, greatly influenced by accidental

happenings.
9. Luck plays a big part in determin- 9. When I am sick, I just have to
ing how soon I will recover from an let nature run its course.
illness.
II. My good health is largely a matter II. When I stay healthy, I'm just
of good fortune, plain lucky.
15. No matter what I do. I'm likely 15. Even when I take care of myself,
to get sick. it's easy to get sick.
16. If it's meant to be, I will stay 16. When I become ill, it's a
healthy. matter of fate.
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Descriptive information (means, standard deviations, and alpha reliab;-
lities) for the Multidimensional Health Locus of Control (MHLC) Scales is
shown in Table 2.

TABLE 2
Descriptive Data for the Multidimensional Health Locus of Control (MHLC)

Scales
Scale # of Items Mean SD Alpha

IHLC (internality)
Form A 6 25.104 4.891 .767
Form B 6 25.304 4.646 .710
Form A & B 12 50.409 9.051 .859

PHLC (powerful others externality)
Form A 6 19.991 5.221 .673
Form 8 6 20.974 5.487 -15
Form A & 8 12 40.965 10.048 .830

CHLC (chance externality)
Form A 6 15.574 5.751 .753
Form B 6 15.461 5.204 .691
Form A & B 12 31.035 10.204 .841
Conceptualizing locus of control as a multidimensional construct,

rather than a unidimensional construct, makes it difficult to think and to
talk about types of individuals or situations. Wallston & Wallston (1982)
propose a typology of persons based upon possible patterns of scores on the
MHLC Scales. The authors read:ly admit the classification is highly specu-
lative, but baiance that with their intentions not to suggest that these
are personality types nor do they claim that all possibilities of health
locus of control beliefs are captured in the eight patterns displayed in
Table 3.

TABLE 3
A Multidimensional Health Locus of Control (MHLC) Sca!e Typology

Type I Type V
"Pure" Internal Believer in Control
IHLC PHLC CHLC IHLC PHLC CHLC

High X High X X
Low X X Low X

Type II Type VI
"Pure" Powerful Others External Non-Existent or Rare

IHLC PHLC CHLC IHLC PHLC CHL
High X High X X
Low X X Low X

Type III Type VII
"Pure" Chance External "Yea-Sayer"

IHLC PHLC CHLC IHLC PHLC CHLC
High X High X X X
Low X X Low

Type IV Type VIII
Double External "Nay-Sayer"
IHLC PHLC CHLC IHLC PHLC CHLC

High X X High
Low X Low X X X
The usefulness in the typology may be in recognition of the individual
differences among health beiiefs. Perhaps a revolutionary change needs to
take place in the socialization of commanders and health professionals to
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the realization that individuals may have to be dealt with differently in

preventive health behaviors, adherence to medical regimens, response to
symptoms, and interaction with health care settings.

There are no hypothesis statements in this research. The purpose of
this research is to gather demographic data in a target population hereto-
fore unstudied and unreported in MHLC Scale literature. The findings will

serve as a basis for future theoretical and empirical research: use of the
Multidimensional Health Locus of Control (MHLC) Scale as a dependent varia-
ble relating health locus of control to demographic variables among Infantry-
men.

Some of the considerations leading to the conduct of this research are:
I. What are the demographic characteristics of this target population?
2. What are the results of the HHLC Scales within this population?
3. ho the demographic variables form any recognizable patterns with the
MHLC Scales?
4. Do the results of the typology form any recognizable patterns with the
demographic variables?
5. What hypotheses can be formulated for future research, based on the
differences and/or similarities of patterns?
6. Can recommendations, based on the results of this research, be made to
comer.aders and managers of human resources within the Infantry to promote
health-related behaviors?

METHOD
Sub]ects,

The target population for this study consists of the annual student
load in the subject area of leadership at the U. S. Army Infantry School
which includes the courses and number of students displayed at Table 4.

TABLE 4

U.S. Army Infantry School Courses and Projected Student Load
Course Title Projected Annual Student Load
Officer Candidate School 1,200
Infantry Officer Basic 2,200
Infantry Officer Advanced 1,025
Maneuver Combat Arms Advanced 1,230
Noncommissioned Officer
Total 5,55

The unrefined sample consists of one iteration of each course, 14.32
percent of the projected total annual student load. The subjects are not
identified by name nor by class roster number in order to provide complete

anonymity. The sample is further refined by identifying foreign students
and non-Infantry and eliminating their questionnaires from the data.

The refined sample consists of 577 students, 10.20 percent of the pro-
jected total annual student load and 71.23 percent of the total number of
questionnaires distributed.

The high rate of useable questionnaires may be attributed to the fact
that the questionnaire was administered by instructors during class and al-
though completion was voluntary, the classroom setting may have provided im-
petus to complete the questionnaire.

The questionnaires discarded were rejected for the reasons shown in
Table 5.

TABLE 5
Reason for Questionnaire Rejection
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Demographic Portion MHLC Scale Position
Incomplete Incomplete
Selection of moe than one response Handwritten responses

per item Selection of more than one
Handwritten responses response per item
Foreign students
Women (Officer Candidate course only)
Materials:

Forms A and B of the MHLC Scale are used to gather health locus of con-

trol data. Demographic data items displayed at Table 5 are compiled from
previously validated items used by the Directorate of Evaluation and Stan-
dardization for use with the same target population.

TABLE 6
Demographic Variables

Age Ethnic background
Pay grade Educational level
Religious preference Course attending

Procedure and Design:
Data collection is conducted in the following manner. During classroom

leadership instruction, instructors explain the purpose of the questionnaire
as part of research data collection and request the students not provide
their name nor roster number to insure complete anonymity. The students are
instructed to read and follow the written instructions provided on the
questionnaire. Completed questionnaires are collected by the instructors
and returned to the researcher for tabulation.

The questionnaires are screened. Foreign students, non-Infantrymen,
women candidates in Officer Candidate School, mismarked, and incomplete
questionnaires are removed.

Scoring consists of three phases. First, each MHLC Scale is scored.
Secondly, median splits are determined for each of the three MHLC Scales.
Thirdly, each subject is type classified into one of the 8 "types" accord-
ing to their pattern of being above ("high") or below ("low") the median
splits on the scales. Any score falling on the median is decided as above
or below by a coin toss, heads=above and tails=below.

Each subject's scored data and demographic variables are now ready to
be recorded on ADP transcript paper for key punch, verification, and dupli-
cation of the data deck.
Results and Conclusions:

The results are a compilation of frequency counts. The demographic
variables results are:
Age (in years):
Under 20 20-24 25-29 30-34 35 & Sample Size

S +-IT7 +"-5T +-T +TT = 51
Pay Grade:
E5 E6 E7 01 02 03 Sample Size
79 +67 +'T +T M +T72 + " = 577
Religious Preference:
Protestant Roman Catholic Jew;sh Other Sample Size

197 + 223 + 0 =
Ethnic Background:
Black White Hispanic Asian Amer/ Amer Indian/ Other Sample Size

Pac Is Alaskan Nat

167 + 390 + 16 + 2 + 0 + 2 = 577
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Highest Civilian Education Degree:
H+S.Dip/Equiv A.S. B.A./B.S. Master Ph.D Other Sample Size

+ 359 + O 0 + 27 577

Course Attending:
Off. Cand Off. Basic Off. Adv. NCO Adv. Sample Size

+ 195 + 216 + _ = 577
Results for the MHLC Scales are displayed next. A subject was classi-

field into a category by their highest score among the three scales.
Internal External: Chance External: Powerful Other Sample Size

521 + 44 + 12 = 577
If a subject scored the same on two or more scales the decision was

made to discard that subject.
The results of the typology are as follows:

1 2 3 4 5 6 7 8 SampleSize
07 + 21 + 53 + U7 + 4' + 73 + 9+ 52= 577

The frequency counts reveal some interesting findings. The next step
will be to apply the statistical technique of discriminant function analysis
to the data using the Statistical Package for Social ScienceX (SPSS), 1983 to
determine if a prediction equation results. Results of the research are pro-
grammed for 2d Qtr FY86. You are invited to contact the author if interested.
Disclaimer: The content of this paper is the sole responsibility and opinion
of the author.
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Classifying Military Offenders,
Application of the Megargee NMPI Typology

Mark L. Paris and Gary E. Brown
United States Disciplinary Barracks

Megargee and Bohn (19791 developed an inmate classification system
utilizing the Minnesota Multiphasic Personality Inventory (VAPI). The
system was originally designed to enable clinicians to assign individual
MMPI profiles to prototypical classifications, to facilitate empirical
establishment of relationships between classifications and probable future
behaviors, and to enhance treatment of young offenders by targeting spe-
cific treatment modalities to appropriate inmate profile types based on the
system.

Megargee and Bohn developed their taxonomy in three phases: (1) a
statistical analysis of three samples of 100 MMPI protocols to determine
the number of naturally occurring subgroups; (2) the matching of subgroups
from each sample with each other, and the writing of rules to describe
the larger groups resulting from the matching; and (3) the classification
of a new sample of protocols according to the neii rules.

Eventually, a large, broad-based study of the new system was under-
taken as part of an extensive longitudinal research program at the Federal
Correctional Institution, Tallahassee, Florida (Megargee, 1974). Of 1214
men subjected to classification by the system, 770 (63.4%) were classified
through the use of computer programs which employed profile-type rules. The
remaining 394 (32.4%) were made up of ties among classifications (248),
possibly invalid profiles (79) or profiles which did iot meet the criteria
for inclusion in any of the classifications (117). Ultimately, all but 50
cases were classified, and these remaining 1164 individuals were studied
along such dimensions as academic and intellectual level, characteristics
of the developmental family, measures of interpersonal relations and
adjustment, psychologists' objective measures, and various measures of
institutional adjustment, including work performance, number of disciplinary
infractions, time spent in Maximum custody and detail evaluations. In
addition, recidivism data were also studied.

Significant relationships were established between MMPI classifications
and various measures of adjustment, recidivism and personality. Furthermore,
Megargee and Bohn (1979) proceeded to make treatment recommendations
specific to the various classifications, based on their understanding of
the implications of the data which had been gathered for each classifi-
cation.

In an attempt to extend Megargee and Bohn's work to the military cor-
rectional setting, an MMPI inmate classification system was begun in
February 1985 at the United States Disciplinary Barracks, Fort Leavenworth,
Kansas.

Method
The computer program used to classify the inmates at the United States

Disciplinary Barracks (USDB) was the one written by Meyer and Megargee (1977).
Inmates were administered the MMPI (all 566 items) on Monday of the second
week of their incarceration at the institution. They were informed that testing,
as part of their treatment, was required, but that they would receive test
feedback and that the results would be seen and used only by mental health
personnel, usually their own counselor.
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The MMPI's were computer-scored, with the resultant Megargee classifi-
cations generated. The program either printed the raw scores, T scores and
Welsh code for each individual, as well as the app.opriate classification
(Able, Baker, Charlie, Delta, Easy, Foxtrot, George, 'low, Item, or Jupiter),
or else, it would print out the profile. The profile would be printed out
in the event that (1) the profile was tied among several classifications,
(2) it fulfilled the criteria for none of the classifications, or (3)
FW)99T. In these cases, the program left it open to the clinician's dis-
cretion to break ties, and otherwise classify questionable profiles.

Interpretive reports were created for each classification by utili-
zing the empirical data of Megargee and Bohn (1979). These reports were made
available to the individual's future counselor for his/her use in treatment
planning.

Results
Data were crosstabulated, specific offense by Megargee classification,

and comparisons were made between frequencies of classification found by
Megargee (Megargee, 1974) and by ourselves. By chi-square analysis, three
comparisons were found to be statistically significant. In general, however,
although our sample size was l/. that of Megargee's, Table I shows that the
pattern of similarity was quite strong.

Table 1
USOB vs FCI inmate classification (percentagesi

Classification USDB (N=390) FCI (N=1214)
Able 12.3 13.3
Baker 1.5 1.8
Charlie 4.9 4.6
Delta 5.1 7.0
Easy 3.8 3.2
Foxtrot** 1.5 5.7
George 5.6 5.9
How 5.9 7.7
Item** 25.6 13.0
Jupiter 1.3 1.1
F> 99T* 2.6 6.5
No criteria met 7.4 9.6
Ties 22.3 20.4

*p<.001
**P<.0001

Inspection of Table 1 reveals that Item, the most psychopathologicall
benign profile in the typology, is twice as likely to be found in the USDB
population as in that of the civilian FCI. Additionally, more than twice as
many possibly invalid profiles are found in the FCI group as in that of the
USDB. Finally, Foxtrot,the-third most psychopathological of the profile types
is found more than three times more frequently in the FCI as in the USDB pop-
ulations.
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In addition, comparison of the numbe of subjects falling into the

vrious classifications revealed a significant effect among the cells,

X 
= 30

1.89, df 9, p<.0001. It is noteworthy that the modal profile type,

Item, is essentially flat, with the mean T-scores falling in sub-clinical

ranges; the next most frequent profile in the sample, Able, is the "4-9"

profile type that is traditionally associated with correctional populations

(see Fig. 1).

Figure I
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When classifications were examined with respect to specific offenses
(see Table 2), it was found that among three of six offense types studied,
Item was found significantly more frequently than the next most frequent
type (Item was also found to be the most frequent type for all other offenses,
though not to a statistically significant degree). With respect to drug
offenses, a bimodal distribution was found:, while the frequency of Item was
significantly greater than the next most frequent type, Able (X

2
=3.93,

p -.036), the frequency of Able was foupd to be significantly greater than
the next most frequent type, Charlie (X = 6.59, p z.004). Similarly, re:,

rape, a significant difference as found between the frequency of Item and
those of either Delta or How (X = 8.45, p=.001); however, Item did not
differ significantly from Able, and Able did not differ from Delta or How.
Thus, taken together, Item and Able tend to predominate among the other

groups. Among child sex offen ers, Item again significantly differed from
its closest competitor, How (X= 5.84, p =.008); How did not differ signifi-
cartly from the next most frequent group, Delta; however, the data suggest
that such a bimcdal effect might be revealed as the sample size increases.
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Table 2
Breakdown of selected types by offense (percentage)

Item Easy Able Oelta Charlie How

Murder 23.1 7.7 15.4 7.7 3.8 3.8

(26)

Assault 16.2 5.4 2.7 5.4 2.7 13.5

(37)

Rape 25.9 3.7 14.8 5.6 3.7 5.6

(54)

Child 32.8 1.7 3.4 8.6 3.4 13.8

(58)

Larceny 21.2 5.8 13.5 5.8 3.8 1.9

(52)

Drugs 27.0 4.0 16.7 2.4 6.3 2.4

(126)

Discussion
flegargee, et al. set out, with their MMPI classification system,

to create a method of predicting behavior within correctional populations.
Inherent in this project was the implication that the phenomenon of
'classifiability' of prison inmates should be a generalizable one: such
an hypothesis could be strengthened by fairly consistent findings of pro-
file type frequency distributions among various correctional institutions.
The present pattern of data, with a few exceptions, replicates the
findings of Megargee and Bohn (1979) with respect to the relative levels
of psychopathology in our inmate population. Collectively, the data in-
dicate that in military as in civilian correctional settings, a huge major-
ity of inmates' personality profiles fall into one of ten basic types, but
that in a military institution, one is less likely to find measutable
psychopathology or attempts at dissimulation. It is the "flat" or basic-
ally normal profile that is the modal finding in military confinement,
followed by the expected characterological "4-9" profile of Able. Although
this pattern of findings was fairly consistent over several offenses,
the child sex offender continues to challenge our expectations; such of-
fenders generally present Item-type profiles, but are increasingly yield-
ing high levels of psychopathology as well, suggesting a complex branching
of etiologies going in different directions.

Future research issues will consider therapeutic implications of
labeling/classification; that is, whether the process of labeling for
therapy is facilitative of a self-fulfilling prophecy would seem of para-
mount importance if a classification system such as this is to be used for
anything other than research, placement or security purposes.
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AUTOMATED SCHEDULING OF ARMY UNIT TRAINING

Dwight J. Goehring
Roland J. Hart

U.S. Army Research Institute Field Unit
Presidio of Monterey, California

Computer assistance can reduce the complexity of military training
scheduling for planners and lead to better planning of training. Improved
training planning can make more efficient use of time and reso-irces, and thus
contribute to improving readiness. However, in order to be helpful, computer
automated assistance of training scheduling must accommodate the full
diversity of the military problem. Our objective is to explore the feasi-
bility of a particular heuristic approach called simulated annealing, for
solving the A'my scheduling problem.

i. The Army Training Schedule Problem

The Army training scheduling problem is complex because it occurs across
different echelons and involves three different types of calendars/
schedules. Priorities of higher echelonw almost always predominate over those
of lower echelons. In addition, many constraints exist for the Army training
scheduling problem. Training and non-training tasks require time and
resources. Resources can be either reusable (e.g., ranges) or expendable
(e.g., amunition). Further, activities may have temporal constraints, such
as requiring some tasks to be trained ahead of others, or co-occurrence
constraints requiring some tasks to be trained slmultaeou.-ly with others.
There are also command priority constraints at each echelon which affect
scheduling requirements. In addition, the priority given training varies at
different times. Automated scheduling must accommodate these hetereogenous
constraints.

II. Use of Simulated Annealing to Solve the Scheduling Problem

An optimization methodology is needed to solve the Army training schedule
problem. An optimization methodology provides (a) a definition of what
constitutes a good schedule, (b) a way of measuring numerically how good a
schedule is, and (c) a method to search for numerizally good schedules.
Simulated annealing (Kirkpatrick, Gelart & Vecehi, 1983) was selected as an
appropriate method because of the match between the capabilities of the
methodology and the characteristics of the scheduling problem. First, it can
handle large problems. The training scheduling problem for an entire Army
division is large. In addition, it can handle vrtually any type of
constraint. This feature is important because the Army training scheduling
problem includes a wide variety of constraints. The approach is flexible in
the sense that constraints can be changed or added and the method can still
work. Flexibility is important because frequent modification is expected in
an operational environment. Another feature of simulated annealing that
matches the Army training scheduling problem is size of the solution space.
Application of simulated annealing is appropriate when multiple "good"
solutions are acceptable as opposed to a uniqaely "best" solution.
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Further, fcr large combinational problems like the scheduling problem, it
becomes impossible to check all possible combinations, in search of the one

combination that minimizes the cost function, because of time requirements.
The time requirements for such problems increase expcnentially .ith N (i.e.,

number of acti.ities to be scheduled). Rather than search all combinations,

optimization methods use heuristics to minimize cost functions, Such

heuristics can be generally classified as either 'divide-and-conquer" or

iterative improvement strategies (Kirkpatrick, Gelutt & Becchi, 1983).

Simulated annealirg combines elements of both strategies. As applied to
scheduling, the problem is divided into subproblems (involving common levels
of "importance") and iterative improvement occurs through the application of

the annealing concept.

Finally, the simulated annealing algorithm does not require a set computer

time to obtain a solution. The solution will get better on the average the
longer the program runs. A computer run can be terminated when a point of
diminishing returns is achieved.

The simulated annealing heuristic operates by analogy to annealing in

physical systems. Annealing in a physical system involves repeated heating

and cooling of liquids or solids. When a liquid is hot there is a rapid

random movement of the molecules making up the liquid. Heating a liquid

increases the rapidity of the random movement of molecules. By contrast,

cooling a liquid slows the random movement of molecules until they reach the
point where they are frozen in place. Molecules frozen in place are
considered "cold."

As applied to a scheduling system, the molecules are activities or events
that must be scheduled. Random movement involves the random assignment of

activities to times. The concept of temperature is linked to the cost

function, and refers to the degree of random movement permitted relative to
the cost function. High temperature is associated with high values of the

cost function, low temperature is associated with low values of the cost
function. High temperature means that random assignment of activities to
times is permitted no matter how large the cost function gets as a result of
the assignments. That is, assignments are not constrained by the cost
function. On the other hand, cold temperature means that only some random

assignments of activities to times are permitted, namely, assignments that

reduce or at least do not ,ncrease the cost function.

The operation of the simulated annealing heuristic involves successively
"heating" and "cooling" the system In search of a "good" schedule defined by e

low cost function. The process of successively "heating" and "cooling" the
system is accomplished to avoid the problem of getting stuck in local

minimums. This problem is a common one for problems based on Iterative
improvement (e~g., greedy algorithms). The simulated annealing heuristic
requires the creation of an appropriate "annealing 3ohedule" involving the
extent and frequency of heating and cooling.

In addition to creating an appropriate annealing schedule, an algorithm is
necessary to cool the system. (Creating a hot system is not difficult since

heating simply entails unconstrained random assignment of activities to

times.). Cooling the system, however, requires development of an algorithm,

created especially for the problem at hand, that constrains the random
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assignments permitted to those producing successively lower values of the cost
function, as the system is cooled. In order to "cool" a scheduling system,
those tasks that have the greatest potential for increasing the cost function
are scheduled first before the schedule gets too full to include them. Then
tasks that have less potential for increasing the cost function are
successively scheduled. Unconstrained tasks that minimally add to the cost
function are scheduled last. This strategy increases the probability that
important activities and constraints are accoamodated in the resultant
schedules.

III. Illustrative Application of Simulated Annealing

The Army scheduling problem was delimited by focusing on scheduling at the
battalion level. This level was selected because it contains 3cheduling
features from all echelons. If the annealing heuristic is effective at this
level, one can assume that it can be applied at all levels with the
appropriate modifications for each echelon.

All five companies within a single battalion are scheduled simultaneously
in the test program. These five companies inherit trainind activities and
events from the Long- and Short-Range Calendar created at higher echelons.
The test program uses one-hour units of time for activities and forty-hour
weeks. The initial test program has only one annealing schedule for "cooling"
the system. This schedule flows from the top to bottom following the activity
importance criterion.

The test program employs all of the important categories of scheduling
constraints: (a) inheritance of activities from higher echelons and "fixing"
activity times, (b) interschedule conflicts of both renewable and expendable
resources, (c) company-level training activity priorities, (d) different unit
priorities assigned to different companies, and (e) intra-schedule conflicts
based on temporal constraints for activities (i.e., before/after, immediately
before/immediately after), and temporal ordering of sequences of contiguous
activities.

The simulated annealing test program was written in FORTRAN 77 on a VAX
11/780 computer. An overview of the data structures and flow of control of
the simulated annealing test program is shown in Figure 1. Blocks A through E
in Figure I depict five data structures containine the necessary input infor-
mation.

Initial company-level Training Schedules developed by company commanders
are simulated in Blocks F, G, and H of Figure 1. These schedules identify
tasks for the week, assign priorities to the tasks (rhigh" versus "regular"
priority), and place activities in temporal order consistent with prerequisite
relationships (before/after). These initial schedules represent recommen-
dations from a lower echelon for training schedules that are passed upward.
At battalion level, resourcing is accomplished and conflicts are resolved. As
depicted in Figure 1, this conflict resolution is accomplished by the passage
of the initially recommended schedules to the simulated annealing algorithm in
Block I. The simulated annealing algorithm produces the final set of training
schedules for the companies within a battalion. In addition, lists of
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activities from the initially recommended schedules that could not be accom-
modated in the final schedules are given along with their level of importance
as defined by their contribution to the cost function.

The cost function for the test program was formulated on the assuMption
that it is costly to fail to schedule activities. Further, it is more costly
to fail to schedule longer than shorter activities and more Important than
less important activities.

More Specifically, let C represent cst and K represent weights reflecting
the relative importance of unscheduled activities. Let U represent the time
associated with unscheduled activities. Let i reprctcnt the activity number
among 1 unscheduled activities within a Training Schedule, and let L represent
the Training Schedule number that varies from 1 to n, the number of Training
Schedules. Since there is a Training Schedule for each company, there are
five Training Schedules per battilion (n = 5). Given these definitions, the
cost function can be written by Equation 1 as:

Cj :1

In order to create the algorithm that "cools" the system, activities need
to be partitioned and sequenced for scheduling. In the test program,
activities were partitioned and sequenced by the echelon level of the
scheduling decision. Since activities appearing on the Long- and Short-Range
Calendars are created above the battalion level, they are inherited at the
battalion level and are scheduled first. (See Block 2 of Figure 2.). For the
test program, it is assumed that resource conflicts and temporal constraints
of inherited activities have been previously resolved. Inter-schedule
conflicts between company-level Training Schedules are resolved next as shown
in Block 3 of Figure 2. These conflicts generally involve conflicts over
resources. Company-level training priorities (assigned at company level) are
scheduled next as shown in Block 4. Then, temporal constraints yielding
intra-schedule conflicts are resolved. Finally, any free blocks of time are
filled with unconstrained activities yielding an end set of Training
Schedules. (This decision-making sequence is an oversimplification of the
real scheduling process in some respects, excluding some details, but it is
sufficiently accurate and complete for describing the test program).

The heating and cooling process occurs iteratively for all company-level
Training Schedules in a battalion, in search of a battalion set of Training
Schedules with a low overall cost function. The weights assigned to the cost
function (K ), that determine the importance of unscheduled activities,
corrc.spond in order to the "cooling" sequence just outlined.

The operation of the algorithm was sufficiently successful in simulating
the performance of Army personnel experienced in training to suggest that the
approach is a promising one warranting further research.

IV. Reference

Kirkpatrick, S., Gelatt, C. D. & Vecchi, M. P. (1983). Optimization by
simulated annealing. Science, 220, 671-680.
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Supporting the Changing Role of Army
Collective Training Developers

Larry L. Meliza
U.S. Army Research Institute Field Unit

Presidio of Monterey, California

Army branch schools prepare Army Training and Evaluation Program (ARTEP)
documents as guides to unit collective training. The design of ARTEP
documents has evolved considerably in their short, ten-year history to more
effectively meet the information needs of ARTEP users. The goal of this paper
is to describe 1) the evolution of the ARTEP and 2) efforts to address the
growing complexity of the ARTEP developer's job through the careful
application of computer technology.

Evolution of ARTEP Documents

ARTEP documents were initially designed to provide "what to train"
guidance by outlining potential training requirements. These documents
identify the missions and subordinate collective tasks (i.e., tasks requiring
two or more individuals to perform) which a unit (e.g., mechanized Infantry
battalion) and its subordinate elements (e.g., companies, platoons, squads and
teams) might be expected to perform. Each collective task Is "defined" by
indicating the tactical situation calling for its performance (conditions) and
by providing task performance guidance (referred to as Standards). ARTEP
users are responsible for selecting the "what to train" guidance which applies
to their particular unit and combining this guidance with separately provided
"how to train" guidance to develop unit training plans. During three
evolutionaly phases, the ARTEP design concept has been expanded to incorporate
the application of "how to trair" guidance to specific missions and tasks,
while leaving ARTEP users with the flexibility to select training requirements
appropriate to their particular unit. (TRADOC PAM 310-8, 1981 TRADOC REC 310-
2, 1982; TRADOC REG 310-2 (Test-Revised, 1985).

In the first phase of ARTEP evolution, collective/individual task matrices
were added to the ARTEP document. These matrices identify individual skills
prerequisites to training on specific collective tasks at the smallest unit
levels (e.g., squad and platoon). This addition to the ARTEP provided the
framework of a progressive unit training plan by beginning to integrate
individual skills training and collective training.

The second phase of ARTEP evolution involved adding "Drill" documents to
further support a progressive/building block approach to unit training at the
smallest unit levels (e.g., squad and platoon) (Hiller, Hardy and Meliza,
1984). Drills are training exercises which address tasks/subtasks warranting
repetitive practice to the point of overlearning. Training on drills Is
intended to prepare a unit for training on the more complex missions/tasks In
which the drills are embedded. Since one of the criteria for selecting
tasks/subtasks to be addressed by Drills Is that they have broad applicability
across missions, Drills have high progressive training value. Drill documents
provide specific "how to train" guidance for each Drill including "set-up
directions", resource requirements and "coaching points". In addition, Drill
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documents provide Drill/Mission Task applicability matrices and individual
skills/Drill matrices to assist ARTEP users with integrating Drills into unit
training plans.

The third, on-going phase of ARTEP evolution involves the addition of
ARTEP Mission Training Plan (ANTP) documents. AHTP documents represent a
further extension of the progressive training plan ccncept by defining
building block exercises called "Situation Training Exercise's (STXs)" for
platoon-level and above. STXs address training requirements within portions
of missions (i.e., STXs often address two or more collective tasks). Many STXs
are applicable to more than one mission and thus these exercises tend to have
high progressive training value.

As in the case of "drills", ANTPs provide specific "how to train" guidance
for each STX and matrices/figures illustrating descriptive unit training
plans. In addition, STXs also provide guidance for training prerequisite
leader skills.

To gain a more complete picture of how ANTP documents provide a
progressive unit training plan iL is important to consider that a particular
unit type Is intended to have different ANTP documents for various echelons.
For example, a mechanized infantry battalion would have separate ANTP
documents for battalion, company and platoon level. The platoon-level ANTP is
intended to help a unit progress from individual skills training of soldiers
to company level training, while the company level ANT? document is intended
to help a unit progress from platoon level training to battalion level
training.

Incorporating applications of "how to train" guidance into the ARTEP
removes certain analytical tasks from the shoulder of the ARTEP user, and it
helps to standardize collective training across units. Without the
incorporation of such guidance, it had been necessary for each unit trainer to
independently develop their own Drills, STXs and progressive unit training
plans. This was a large burden for unit personnel and the quality of training
programs was therefore uneven.

The Changing Role of the ARTEP Developer

The current phase of ARTEP evolution is at an experimental stage. Each of
eighteen schools has prepared a prototype platoon-level AMTP to support Army-
wide field testing of the AMTP concept. The exact design features of the
current generation of improved ARTEP documents will be adopted, based upon the
results of this field test, and then schools will be expected to begin full
implementat.on of the new ARTEP design concept. Implementation of this
concept w'll nvolve a substantial increase in the ARTEP development workload.

Under the original ARTEP concept, the analytical work of ARrEP developers
was largely complete when tactical doctrine ("how to fight" manuals) and
other sources of information had been analyzed through the process of front-
end analysis (PEA) to identify the missions and tasks to be addressed by the
ARTEP. The final ARTEP document closely resembled the outcome of the PEA
process. With the evolution of ARTEP design, ARTEP developers assume the
responsibility for analyzing training-relevant features of missions and tasks
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and using the results of these analyses to develop training exercises (Drills
and STXs) and incorporate training exercises within a descriptive unit
training plan.

The evolution of ARTEP greatly expands the ARTEP development audit
trail. In effect, the old audit trail involved linking tactical doctrine, FEA
results and ARTEP products, in a situation where FEA results and ARTEP were
virtually Identical. Under the latest ARTEP concept the audit trail involves
lirking tactical doctrine and FEA results to a variety of ARTEP products.
Fuzther, the new audit trail involves linking the various ARTEP products to
each other.

The growth in the ARTEP development workload associated with Implementing
the latest ARTEP design concept comes at a time when many schools are
beginning to feel the effects of an ongoing Army Force Modernization effort
(i.e., the adoption of new technology and organizational structures). Force
modernization, In itself, increases the number of unit types for which ARTEPs
must be developed and it increases the frequency with which certain ARTEP
documents need to be revised to reflect changes in tactical doctrine. The
careful application of computer technology to the ARTEP development process is
required to help service schools effectively implement imp:oved ARTEP concepts
and deal with changes required by the Force Modernization program.

Mechanis, Being Used to Support the Changing Role of ARTEP Developers

ARI and the U.S. Army Training Board (ATB) are developing a Computer-Based
ARTEP Production System (CAPS) to support the preparation and ievision of
AMTP/Drill documents. The portion of the AMTP/Drill development process to be
addressed by CAPS begins with the FEA and continues to the point where camera-
ready copies are available for printing. In addition, the CAPS cencept is
intended to support prompt revision of tactical doctrine literature, FEA and
ARTEP products in response to changes in tactical doctrine. In brief, a
portion of the CAPS database would include tactical doctrine literature and
FEA, and the system would guide collective training developers in using the
database to develop AMTP/Drill documents.

A preliminary CAPS concept design study indicated that a Relational
Database Management System (RDBMS) might serve as an effective core for a CAPS
(Bloedoern, Crooks, Saal, Merrill, Meliza and Kahn, in press). A RDBMS stores
data in a flexible, tabular fashion and allows information to be extracted
from within or across tables using brief, one-line commands.

A RDBMS appears to be particularly well suited to the ARTEP development
process, because It can accommodate the complex ARTEP development audit trail
in an economical fashion. For example one RDBMS table might contain listings
of the references from tactical doctrine for each collective task identified
through FEA, and another table might contain a listing of the collective tasks
addressed by specific STXs. Through the use of a one-line command, the
information within these two tables can be reorganized to provide a table
listing the references from tactical doctrine for each STX, as needed.
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Application of a RDBMS to AMTP/Drill Preparation

A major goal of applying a RDBMS to AMTP/DrIl preparation is to reduce
the complexity of work. In general, a RDBMS has the potential to facilitate
the complex work involved In preparing AMTPIDrill documents in two ways.

First, formal training development guidance and less formal job aids (e.g.,
"rules of thumb" for making decisions and examples of the application of these

rules) might be contained within the database in a manner which relates

specific job aids/guidance to appropriate jobs in the ARTEP development
process. Second, the analytical capabilities of a RDBMS (i.e., rapid

reorganization of data to meet specific information needs) might be used to
facilitate complex decisions. The decision processes involved In AMTP/Drill

preparation were studied in considerable detail with the goal of reorganizing

this process, as necessary, to take advantage of potential applications of a
RDBMS to ARTEP development.

Application of a RDBMS to AMTP/Drill Preparation

Work cumplexity, in this instance, is defined in terms of I) the number of

data elements to be considered and 2) the source of data elements. Certain
decisions only require reorganizing information found within tactical doctrine

and FEA results. In such cases, the ability of RDBMS to rapidly select and
reorganize information can be employed to entirely address decision complexity
(i.e., the RDBMS can "make" the decision for the AMTP/Drill developer). Other
decisions require consideration of data elements that do not pre-exist in
tactical doctrine/FEA. Such data elements are carefully deliberated
"judgments" made by AMTP/Drill developers. While reorganization of tactical
doctrine/PEA might facilitate human judgments, reorganization does not remove
the need for these judgments. Com'lex decisions of this variety need to be
addressed by both "job aids" and information reorganization and retrieval
capabilities of a RDBMS.

Three critical patterns become evident when reviewing the entire sequence
of decisions to be made by AMTP/Drill developers. First, judgments are
required throughout the AMTP/Drill development process. Second, certain
judgments serve as input for more than one decision, while other judgments are
employed only once. Third, virtually all of the judgments made after the
selection of "slices of battle" to be addressed by STXs and Drills are
repetitions of judgments made during the selection of STXs/Drills.

Optimum application of a RDBMS to AMTP/Drill document preparation involves
minor adjustments in AMTP/Drill development procedutes. "Job aids" and the
ability of a RDBMS to rapidly select and reorganize information might be
employed to facilitate judgmental decisions at the start of the AMTP/Drill
development process (i.e., during the selection of STXs and Drills). The
results of judgmental decisions relevant to subsequent steps in AMTP/Drill
development would then be recorded in he database. RDBMS facilitation of
subsequent decisions in the AMTP/Drill development process would be
accomplished largely by the ability of a RDBMS to select/reorganize
information within the database.
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Applications of a RDBMS to AMTP/Drill preparation will be tested and
refined by ART and ATB through the development of a prototype CAPS within the

U.S. Army Infantry School. The results of the present effort serve as input

for the design of a CAPS database by identifying: judgmental decisions to be
addressed by "job aids" embedded within the database; decisions made by
collective training developers which, for reasons of efficiency, need to be

recorded within the database; data elements (i.e., potential data files)

serving as input for key decisions within the AMTP/Drill development process.
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INTRODUCTION

Background

The driving force behind the development of the Model Aircrew Training
System (MATS) has been the significant advancement in training simulation
capabilities with the advent of the full scale weapon system trainer (WST).
Major Miller (1978) concluded that the effective use ot this technology would
require deliberate integration of the WST, to include: (a) identification of
training requirements for the B-52 WST, (b) concurrent training accomplishment
report (TAPR) for events in the WST, (c) concurrent scheduling function for
both WST and aircraft, and (d) Director of Training development of the WST
syllabus to insure training requirements are specified. Since the application
of WST technology applies across all phases of trainirg, MATS is to be a total
training system which integrates training across the full life cycle of the
crewmember in the weapon system, incorporating all media, including the
aircraft. Prior to MATS, contracted training system development has been
primarily focused on ground training (KC-1, C-5).

Thu. 198U Board of Visitors report on B-52/KC-135 aircrew training
management recommended an invest.gation of "more effective ways to use
training devices and simulators to accomplish training objectives and use
available flying time for critical tasks." They noted that Computer-Managed
Instruction (CMI) methods would pay large dividends in optimizing the
interrelated academic/simulation/flying training components of the total
training program. The 1982 Board of Visitors concurred with prior
recommendations and emphasized the need for automation of training management,
evaluation and delivery.

Also in 1982, the USAF Scientific Advisory Board (SAB) concluded that the
Military Airlift Command (MAC) training needed to become more efficient by
applying currently available training technology. A major problem identified
by the SAB was that the current level of combat training is inadequate, but
that additional resources are not available to provide the necessary training
within the Air Force. They recommended developing a model training program
that would embody state-of-the-art training practices and technology to
support reallocation of training resources in a manner that more effectively
prepares MAC aircrews for their combat mission. They specified the C-130
weapon system due to the availability of advanced aircrew training devices at
the present time. They recommended that this program be a model system for
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other programs to emulate since the basic problems in C-130 training are
common to other weapon systems. A subsequent MAC aircrew training task force
concurred with this recommendation.

About the same time as the SAB study, the follow-on operational test and
evaluation (FOT&E) was being conducted for the C-130 WST (Wllmeyer & Rockway,
1984). The study was accomplished in three phases corresponding to initial
qualification (Phase I), mission qualification (Phase II) and continuation
(Phase III) training. Training in the WST generally transferred positively to
the aircraft as measured by proficiency ratings and by sorties to criterion.
Substantial differences were shown between the performance of students trained
in the WST (with visual cues) over students trained in operational flight
trainers (OFT, without visual cues). The primary effect of the WST was
putting the right person, the student, at the controls when they went to the
airplane, rather than the instructor. The recommendations were: (a)
establish clear goals for simulator training, (b) train to a set criterion in
the simulator, (c) allow simulator training to accommodate individual
differences (among instructors as well as students), and (d) integrate
simulator training into the overall training system to take advantage of WST
training potential.

In response to these problems, many of which exist throughout Air Force
training, AFHRL initiated a contract for a model aircrew training system
(MATS). This contract focused on the C-130 aircrew training program where
lessons learned from the C-130 WST FOT&E could be used along with other state-
of-the-art training technology. Attention was directed towards inefficiencies
of the event driven program, heavily labor-intensive and aircraft dependent
for all stages of training, resulting in some critical areas (e.g., combat
tactics training) receiving inadequate attention because available training
resources were allocated elsewhere. MATS could also have application to
aircrew training for other weapon systems both within MAC and in other major
air commands (MAJODMS).

[1e MATS contract specified development of an integrated total training
system for the full continuum of C-130 aircrew training. The system would
provide for training program development, training delivery, training
management, evaluation and training analysis, and training support. The
system would include: (a) use of advance training concepts and state-of-the-
art instructional technology, (b) proficiency-based instruction with
advancement based on demonstrated performance, (c) effective use of existing
resources and training media, especially the full exploitation of the combat
training capabilities of the C-130 WST and most efficient use of available
flight time, (d) improved capabilities for more systematic definition of task
trainiog requirements, aircrew performance standards, and training media
necessary for proficiency-based training and aircrew quality control, (e) use
of computer-supported resource scheduling, record keeping, and reporting, (f)
provisions for systematically incorporating advances xn training technology
and program updates, (g) provisions for both internal and external feedback
for evaluation and quality control, and (h) provisions to accommodate variable
trainee experience levels, learning rates, and class composition. Emlphasis
was to be placed on computer-based instruction (CBI). Instructor training
would need to reflect a new role for more direct student/instructor contact.
This system is to serve as a prototype with generalization not only to other
MAC programs, but also to Strategic Air Command (SAC) and Tactical Air Command
(TAC) aircrew training.
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B-52 WST FYT&E

B-52 WST FOT&E was initiated in 1983 on the preproduction unit, but was
terminated in June 1983 due to the unreliability of the device. With the
acceptance of the production unit, FOT&E was resumed in June 1984. The
critical issue was transfer of training from the WST to the aircraft. In
addition to the transfer of training study, the plan also included comparisons
among WST training options (Table 1), initially four options and subsequently
followed by option five and option nine (Table 2).
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By August 1984 initial results of B-52 WST FOT&E were available
concerning training using the first four options. B-52 WST was showing good
reliability, availability, and maintainability. Instructors liked it,
particularly for the benefits in improved crew coordination. Transfer of
training seemed to be positive. The need for computer assisted scheduling was
evident as well as the need to add WST instructor options for individualizing
instruction. Additional days were added for WST mission planning/critique.
Development of training option five was initiated for a better building block
approach in WST training.

In November 1984, the tryout of training option five began. The number
of WST missions was increased from seven to ten to include a part task
training mission for pilots only. The first two WST missions were
abbreviated, one training air refueling only and the other low level only.
Subsequent full missions continued development of cre coordination, provided
instructor options to meet individual student needs, and then gave
opportunities for enhancing crew coordination. Training option five was
scheduled for four of the eight crew lines due to limitations of only one
operational B-52 WST and insufficient console operator manning.

In January 1985, B-52 WST FOT&E results for the first four training
options were reported. In October 1985, training option nine results were
added. Training in the WST generally transferred positively
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to the aircraft. Time to initial proficiency as measured by instructors on
B-52 student progress sheets was significantly shorter for initial
qualification students with WST training than for students without WST
training (Tables 3, 4, 5 & 6). By the end of training there was little
difference between the proficiency of the two groups as measured by
standardization/evaluat ion personnel on SACR 68-4 checkrides. All instcuctors
reported gains in WST training, particularly crew coordination. They
indicated that student performance during the first aircraft sortie was
comparable to that of students on sortie two or three of the nOn-WST syllabus.
After seven or more front-loaded WST missions, student pilots were proficient
enough to fly in the seat low level the first integrated aircraft sortie.
Safety was excellent with no mishaps reported.
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training in the aircraft. Thi. training option reduced aircraft flying
sorties by approaching proficiency based training. All aircrew training was
rehearsed in the WST or another intermediate level training device prior to
accomplishment in flight. For events in which the WST was inadequate, the
aircraft supported "part task training.' Standardization/evaluation personnel
performed the progress check in the WST and flew with the crew on the first
sortie following the progress check to assess the level of proficiency
attained at that stage in training. Again, by the SACR 60-4 check there was
no appreciable difference in proficiency between student crews trained with
WST and those trained without WST. Tis was the first training option for
which a list of training events was approved for creditation in the WST.

Though training option nine was a leap ahead toward effective use of the
B-52 WST, the results of the B-52 WST FOT&E also confirmed the C-130 WST FOT&E
results that lessons learned from the C-130 MATS study are needed to maximize
the capabilities of WST technology. While monitoring acquisition of the C-130
aircrew training system (ATS), the B-52 program needs to develop improved
methods for instructor training and for student preparation in order to bp'.e
advantage of the enhanced capabilities of the WST. Also, the B-52 program
needs continued effort in developing a computer based training ;ystem with CMI
and CAl. Computer based training (CBT) applications will be particularly
computer assisted scheduling and for procedures reinforcement, system
simulation, and part task training. This will require a review of the entire
training system from the MATS perspective.

B-52 APPLICATION OF MATS

Similarity of training.

C-130 aircrew training is sufficiently similar to B-52 aircrew training
so that there can be direct spin-offs from C-130 MAIS. Both training programs
have the three phases for aircrew training, i.e., initial qualification,
mission qualification, and continuation.

Initial findings of the C-130 mATS phase I (Fishburne, Williams, Chatt, &
Spears, 1984) showed that though instructional systems development (lSD)
methodology was purported, the program lacked systems design. Most of the
training resources were for the formal school. Instructional strategy was
transfer as a product- of learning-learn then apply. Instruction was adapted
to the "average" trainee. Simulation was not a key element in aircrew
training. Flying instruction was primarily in-flight hours. Continuation
training was deficient and piecemeal. In comparison with B-52 training, these
elements were quite similar.

The C-130 MATS phase I report indicated training program needs which also
apply to B-52 training: (a) unify the management of, aircrew training, (b)
individualize instruction, (c) take maximum advantage of computer-based
training technology, and (d) apply modern concepts of learning.

Increased productivity initiative.

Though the results are not all in from MATS, the cross feed between B-52
and C-130 aircrew training programs has given opportunity to apply lessons
learned in developing the B-52 Combat Crew Training School (OCTS) increased
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productivity initiative for FY86. B-52 aircrew training has shifted toward
the more desired 1:1 student/iostructor ratio and yet still increasing student
output. A key component will be a firm progress check in the WST with
pass/fail criterion and additional training required until desired proficiency
is achieved before moving on to integrated aircraft flight activity.
Essential elements of a computer managed instruction system will be instituted
to keep a pulse on the effects resulting from implementation of the FY86
training plan.

SAC MATS woiing group.

Headquarters SAC and Human Resources Laboratory, Williams AFB, AZ, are
combining forces to review MATS concepts as they apply to SAC aircrew
training. They will identify lessons learned from other training programs as
well as optimal application of computer based training (CBT). Their goal is
to develop a generic SAC model with organizational structure, fiinctions of
components in the structure, the information/feedback interfaces of all
program elements, the SAC/contractor interface, and the identification of
changes needed to Air Force and SAC directives. MATS concepts will initially
be applied to dve C-130 ATS. As SAC ATS is developed, continued cross feed
will facilitate ready application of lessons learned along the way.
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Sensitivities of Speedeo Subtests

Toni G. Wegner
Malcolm James Ree

Air Force Human Resources Lcboratory

Most aptitude tests are classified as power tests or speeded tests.
Power and speeded tests differ in their emphasis on cognitive capabilities
versus speed of processing. The purpose of this paper is to demonstrate
that scores on speeded tests can be influenced by a variety of factors, and
to discuss the implications of this in the use of speeded tests.

Power tests are designed to tap a designated cognitive capability and
are structured to allow a majority of subjects to complete the test. In
contrast, purely speeded tests are designed to measure speea without measur-
ing deep cognitive capabilities; these tests consist of fairly easy items so
that most of the people who attempt an item will answer it correctly, but
few people will complete all items. There is a consensus within the testing
literature that standardized testing requires strict control over the test
administration procedures, especially such things as controlling the testing
environment, time limits, and instructions (see, e.g., Anastasi,. 1976;
Clemans, 1971). Relatively little research, however, has adoresseo the
deviations of administration procedures, especially as they relate to
differential impact on power versus speeded tests.

The Armed Services Vocational Aptitude battery (ASVAb) is an aptitude
battery used for the selection and classification of all military enlisted
personnel. Since 1980, the ASVAd has consisted of ten tests--eight power and
two speeded. The power tests measure such things as verbal, mathematical,
and technical information; the speeded tests, Numerical Operations (NU) and
Coding Speed (CS), measure perceptual-psychomotor ability. In research and
operational use of the ASVAB, speeded subtest scores have been shown to vary
as a function of a variety of factors. These factors, then, produce error
variability that is not found to the same extent in the power tests. Data
are available to identify three factors that can produce fluctuations of
speeded test scores: answer sneet format, test booklet format, and practice.

Answer sheet format effects first became evident after the ASVAB scores
obtaind from a carefully collected sample of American youth (McWilliams,
1bo) were found to deviate from scores of military personnel only on the
speeded tests. An initial study was conducted using Air Force basic
recruits (Earles, Giuliano, Ree, & Valentine, 198s) to test the hypothesis
that differences in the kinds of grids on the answer sheets used by the
American youth sample versus military personnel could account for the
differences in scores. A large-scale study involving applicants for all the
armed services provided confirmation that the answer sheet oifferences
account for the difference in performance between the, two groups (Wegner &
Ree, 1985).

Further evidence of answer sheet format effects came from another study
with Air Force basic recruits. In this study, a third type of answer sheet,
one used solely for ASVAB research purposes, was found to proouce differences
in speeded test scores (Wegner & Ree, 1b4). In all three of the above
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studies, subjects were administered identical test items using one of two
answer sheets in an equivalent groups oesign. In no case were score alffer-
ences found between the two groups on any of the power tests. The speeded
test score results for the three studies are presenteo in Table 1. The
answer sheets used differea in size, shape, ana spacing of the response
grids; this was enough to make a significant oifference in scores on both
the Numerical Operations and Coaing Speed tests even at the raw score level.

Table 1. Answer Sheet Format Comparisons

Operational Other
Study Test Answer Sheet Answer Sheet Difference

Earles, et al. NO 41.22 37.72 3.50*
(1983)(N = 512) CS 52.33 51.01 1.32

Wegner & Ree NO 39.71 34.b7 5.04*
(1984)(N = 502) CS 50.53 47.70 2.83*

Wegner & Ree NO 35.83 32.64 3.19"
(1985)(N = 8598) CS 46.93 4b.59 1.34*

*Significant at the .05 level.

Note. Numbers are cell means. NO maximum is 50; CS maximum is 84.

Like answer sheet format effects, test booklet format effects occur as
part of the test materials used. In the case of booklet format effects,
differences between booklets were very subtle. Small differences in such
things as type font, character pitch, and spacing produced significant varia-
tions in speeded test scores. Booklet effects were suspected when systematic
differences were found in a single testing perioo between a form of tne ASVAB
and a scrambled version of the same form. The original and scrambleo forms
contained ioentical items in a slightly different order. The differences in
scores were found consistently at monthly testing intervals. Speeaeo test
scores for two months of testing, six months apart, are presenteo in Table 2
for the original form and the scrambled version of the same form. It is
interesting to note that booklet dlfferences did not impact both speedeo
tests uniformly. The same format that benefiteo Numerical Operations scores
in one type of booklet proved to be oetrimental to Coding Speed scores. No
substantial systematic differences were founo on the power tests.

Table 2. Test Booklet Format Effects

Original Scramblec

Test Time 1 (n = 9119) (n = 7bbl) Difference

NO 38.64 37.t7 .97
CS 48.6U 5u.5 -?.1

Time 2 (n = 8267) (n = 7211) Difference

NO 38.07 37.07 l.UU
CS 47.3s bU.13 -2.14

Note. Numbers are cell means. NO maximum is bU; CS maximum is 84.
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Practice effects, unlike format effects, depend on the test-taker rather
than characteristics of the test. If a person takes a test more than once,
it is implicit in the theory of testing that his or her score will not ne
identical each time. This is because a given score is considered to oe an
estimate of the person's true score, and is expected to vary with, a range
that specifies the accuracy with which the test can measure. Giiven this
logic, it is reasonable that retests of the ASVAB sometimes snoi. increments
and sometimes show decrements in scores on power tests. The same does not
holo for speeded tests. When all other conditions are held constant (e.g.,
motivation), scores on speeaeo tests are most likely to show uniform incre-
ments on subsequent tests. These effects can be attributed to practice, and
reveal a condition under which scores on speeded tests can be enhanced
relative to scores on power tests in a testing situation. Tanle 3 shows
speeded test results for a single form of the test--one group had previously
taken a similar form of the test (and thus had practice), the other group had
not. These data were collected as part of the operational calibration of
the most recently implemented versions of the ASVAB (Forms 11/12/13), with
each score based on data from about 25,000 applicants.

Table 3. Practice Effects

Test Practice No Practice Difference

NO 39.73 38.61 1.14
CS 52.25 48.49 3./b

Note. Numbers are cell means. NO maximum is bU; CS maximum is 84.

The three factors described above clearly oo not exhaust the conoitions
under which speeded tests show sensitivity. Obvious problems can result, for

example, when timing discrepancies occur. Cvnsiaer the Numerical Operations
test in which subjects are given three minutes to attempt 50 items. With
subjects answering 35 items correctly on the average, it takes approximately
five seconds to answer each item. Sloppy timing of even a few seconds can
have significant effects.

Experience with the above issues has shown that the way to aeal with the
sensitivity of speeded tests oepends on which of the factors is in question.
If score comparisons are to be made at all on the basis of a test (which is
a major reason to administer stannardizeo tests), both answer sheet format
ann test booklet format need to be considered. It is preferable tnat tests
be administered using ioentical booKlets and answer sheets. If this is
impossible (for example, due to obsolete answer sheets or the use of existing
data), an adjustment should be developed to make the scores comparable (see
Wegner & Ree, 198t, for one way this can be done). Practice effects, it

they cannot be controlled, should be noted in the interpretation of test
scores. In the use of tests likely to be aftected by practice, one might
consider incorporating practice into the instructions for the test so that
outside practice effects are minimizea.
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In summary, speened tests are sensitive to a variety of internal and
external factors that do not similarly affect power tests. These effects on
speeded test scores can be minimized by avoiding, controlling, or taking
into consideration these factors.

References

Anastasi, A. (1976). Psychological testing (4th ed.). New York, Macmillan.

Clemans, W. V. (1971). Test administration. In R. L. Thorndlke (Ea.),
Educational Measurement (2nd en) (pp. 188-201). Washington, DC:
American Council on Eaucation.

Earles, J. A., Giuliano, T., Ree, M. J., & Valentine, L. D., Jr. (1983).
The 1980 youth population: An investigation of speeded subtests.
Unpub'ished manuscript, Brooks AFB, X: Manpower and Personnel
Division, Air Force human Resources Laboratory.

McWilliams, H. A. (1980). Profile of Am ercan youth: Field report.
Chicago, IL: National Opinion Research Center.

Wegner, T. G., and Ree, M. J. (1984). Comparison of ASVAb scores on
operational versus research answer sheets. Unpublished manuscript,
Brooks AFB, TX: Manpower and Personnel Division, Air Force Human
Resources Laboratory.

Wegner, T. G., and Ree, M. J. (1985). Armed Services Vocationdl Aptitude
Battery: Correcting the speeded subtests for the 1980 youth population
(AFHRL-IR-b-14). B rooks A IX: Manpower and Personnel Uivision, Air
Force Human Resources Laboratory.

675



Initial Operational Test and Evaluation of Armed Service Vocational
Aptitude Battery (ASVAB) Forms 11, 12, and 13: Data

Quality Analysis

John R. Welsh
Toni G. Wegner

Air Force Human Resources Laboratory

The Armed Services Vocational Aptitude Battery (ASVAB) is a multiple test
battery that is used by the Department of Defense (DOD) and the United
States Armed Forces to select and classify applicants for military service.
Operational versions of the test are replaced periodically. As new versions
are implemented, tables must be generated to convert scores from the new
tables to the ,etric of the reference population. Temporary tables are
developed before the test is used operationally through an operational
calibration. Once the versions are put in operational use (usIng the
temporary tables), an Initial Operational Test and Evaluation (IOT&E) is
conducted to finalize the tabies. This paper describes data quality issues
surrounding the IOT&E of ASVAB Forms 11, 12, and 13.

Since October 1980, the ASVAB has been composed of ten subtests:
General Science (GS), Arithmetic Reasoning (AR), Word Knowledge (WK),
Paragraph Comprehension (PC), Numerical Operations (NO), Coding Speed (CS),
Auto and Shop Informetion (AS), Mathematics Knowledge (MK), Mcchanical
Comprehension (MC), and Electronics Information (El). Combinations of ewo
or more subtests are used by the services to determine the specialty and
occupational classification of applicants. The Armed Forces Qualification
Test (AFQT) is a composite used by all the services for determining
enlistment qualification of applicants; it consists of AR, WK, PC, and
half-weighted NO.

Operational versions of the ASVAB are replaced by DOD and the joint
services every three years to update obsolete items, take advantage of
advances in the field of psychometrics, and minimize exposure of the battery.
Replacement of the battery generates the requirement to equate new forms of
the test to a reference test. The accurate establishment of the new tests
on the score scale of the reference test is essential for meaningful year-
to-year comparison of the distribution of abilities of applicants and
recruits, as well as providing consistent meaning of scores used to make
classification decisions.

In October 1984, the reference population was changed from a 1944
population based on men under arms to a representative sample of 1980
American youth (males and females, ages 18-23). This change was made to
provide manpower and personnel planners with a more relevant normative base
from which to make manpower decisions. The representative sample of 1980
American youth was tested on ASVAB Form 8a, which was implemented for
operational testing in October 1980.

The most recent versions of the ASVAB are Forms 11/12/13. These
batteries were designed to be parallel to ASVAB Form 8a. An operational
calibration of ASVAB Forms 11/12/13 was conducted in May and June 1982 to
develop tables to convert scores to the 1980 American youth reference
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population (based on Form 8a scores). Forms 11/12/13 were scheduled to be
implemented in October 1983. Subsequent issues surrounding the sensitivity
of the ASVAB speeded subtests (NO and CS) to differences in answer sheet
format caused a one-year delay in the planned implementation of the new
forms (See Ree, Welsh, Wegner, & Earles, 1985). Corrections for answer
sheet format effects were made (Wegner & Ree, 1985), and Forms 11/12/13 were
implemented in October 1984 on the 1980 metric.

The IOT&E of ASVAS Forms 11/12/13 was conducted in Oct and Nov 84,
immediately following implementation. Data were collected at all Military
Entrance Processing Stations (MEPS) on each of the two versions of the three
new forms (i.e., Ila, l1b, 12a, 12b, 13a, and 13b) and the reference test
(Form 8a, labeled 13c for the IOT&E study) in an equivalent groups design.
The purpose of the IOT&E was to establish the defining relationship of the
six new ASVAB forms to the reference test under operational conditions. The
data were to be used to check the operational calibration of the new forms,
and to generate the final operational conversion tables.

All applicants who tested for the services between I Oct 84 and 30 Nov 84
had their answer sheets scanned at the Air Force Human Resources Laboratory;
the results were provided to a contractor to be analyzed. During the data
collection phase ot the IOT&E, anomalies in mean AFQT raw scores of appli-
cants taking the six new forms and the reference test were noted. This
report will describe the data quality issues surrounding the IOT&E in the
investigation of these anomalies. A more complete description of the
development of Lhe newly implemented ASVAB forms is contained in Prestwool,
Vale, Massey, and Welsh (1985).

The Problem

Anomalies were noted when the QFT means for the six new forms and the
reference test based on thie operational calibration (OPCAL) were compared
with the same means based on IOT&E data. In the OPCAL, all seven versions
ere administered to service recruits; Ila and 8a/1ic were also administered

to service applicants. In the IOT&E, all data were obtained from service
applicants. Whereas the 13c AFQT mean is about the same as the means for
the other versions in the OPCAL, it is clearly higher than the means of the
other versions in the IOT&E. These data are presented in Table 1.

Taole 1. Mean Raw AFQT Scores by Test Form

Form OPCAL IOT&E
11 a c anRecruits

llb 75.31 73.42
12a 73.20 71.51
12b 74.90 73.49
13a 75.11 73.82
13b 75.20 73.49
8a/13c 72.17 75.02 74.49
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Because the IOT&E is the defining relationship between the new forms and
the reference test, these data are valid as long as there is no reason to
suspect the data are faulty. The anomalies between the AFQT means from the
OPCAL and IOT&E raised suspicion and warranted investigation of the anomalies
to verify the appropriateness of the use of the IOT&E data. The data quality
analyses investigated four possible explanations.

First, it was possible that the groups taking the seven batteries were
not equal in ability and that, by chance, the group that took Form 13c was
slightly smarter. The second possibility was that the reference test was
compromised to some extent, especially since Form 8a had been used opera-
tionally for two years. Evidence for nonequivalent groups or compromise in
the IOT&E would invalidate these data as the defining relationship between
the new forms and the reference test. The third possibility existed that
there might have been a system-wide scoring error (key-error or conversion
table error) in the automated MEPS scoring system. An error of this kind
would be correctable. Finally, it was possible that fomat or printing
differences between OPCAL and the IOT&E caused the observed mean score
differences. The impact of these would depend on the nature of the
differences.

Analyses

The analyses led to the elimination of the first three possibilities.
The equivalence of the groups was examined by comparing the raw score
performance of all seven groups on the General Technical composite. This
composite contains the same subtests as the AFQT, with the exception of NO.
Table I shows the groups were generally quite equal on ability. This also
suggests that the raw score elevation of AFQT on Form 13c was due to NU.

Table 2. Mean Raw General Technical Composite Scores by Test Form

Form lla llb 12a 12b 13a 13b 13c

GT 55.01 54.34 54.29 55.72 55.33 55.48 55.3e

Note: Data are based on 18,000 plus applicants per form.

The second explanation was ruled out because there was indepenaent
evidence that compromise was at a low level at the time of the IOT&E (Sims,
Truss, & Curia, 1985). A spot check of the MEPS scoring system revealed no
error in the test scoring or in the use of appropriate conversion tables.

Given that the raw score AFQT differences could be traced to NO, format
or printing differences were the most plausible explanation for the elevation
of the 13c mean. This is consistent with other research (Wegner & Ree, 1985)
showing speeded subtests to be sensitive to answer sheet format effects.
Inspection of the IOT&E test booklets for the seven versions of the ASVA8
revealed slight differences between the style used to print Form 8a/13c and
that used to print the other six tests (which were identical). These
differences can be characterized ty the closer distance between letters and
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numbers on the reference test. The type facing was also somewhat bolder.
It should be noted that the format used for Form 8a/13c was identical to
that used to collect data on the reference population.

The spacing on the NO subtest was visually more compact on Form ba/13c,
suggesting the format could account for Form 13c being slightly easier or
faster. A study was conducted with Air Force basic recruits to test the
hypothesis that forwat effects could account for the originally observed raw
score anomalies. Identical NO items were printed in two formats: the
8a/13c format and the format used for the other six versions. These were
randomly administered to two groups, each containing about 120 recruits.
The mean NO raw scores were 41.4 for the group with the Form 8a/13c format
and 40.1 for the group with the Forms 11/12/13 format. The results indicate
that the Form 8a/13c format used in the IOl&E was slightly faster than the
format of the other versions. Because of ceiling effects on NO with Air
Force recruits, the magnitude of the difference is smaller than would be
obtained with a broader range applicant sample; however, this difference
still accounts for most of the mean AFQT difference between Form 8a/13c and
the other six versions in the IOT&E (see Table 1).

Conclusions

It was concluded from these analyses that the difference in mean AFQT
raw scores between Form 8a/13c and Forms 11/12/13 was probably due to the
slightly "faster" print format used for the reference test. For comparison
purposes, the print formats for the seven versions used in the OPCAL were
also inspected. These booklets used a format that was different than either
of those used in the IOT&E, but all seven versions were printed with the
same format. This explains why the pattern of AFQT means was different for
the OPCAL and the IOT&E.

Because the format used for Form 8a/13c in the IOT&U is the same as that
used for the 1980 American youth reference population, and there is no reason
to suspect the IOT&E data set is faulty, the IOT&E data are appropriate to
use for the development of final conversion tables. These data define the
relationship between Forms 11/12/13 and the reference test.
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DEVELOPMENT OF AN INTEGRATED PILOT SELECTION SYSTEM

Jeffrey E. Kantor
Air Force Human Resources Laboratory

iNTRODULTION

The Air Force Human Resources Laboratory (AFHRL) is conducting a multi-
year research and development (R&D) program to improve procedures 'or
selecting candidates for USAF Undergraduate Pilot Training (UPT). The
principal goal of selection procedures for UPT is to screen out those
candidates with low chances of completing training and/or becoming successful
operational pilots. This is more important now than ever because the costs
of each UPT eliminee have risen dramatically (approximately $64,000) and the
operational mission in which USAF aircrews are employed has increased in
complexity ano difficulty. Therefore, improvements in identifying candidates
who have the requisite abilities for success will both reduce the wasted
costs associated with eliminations and help ensure that operational pilots
are capable of meeting the rigorous demands of today's military aerospace
environment.

The first step in this R&D program was to review the current pilot candi-
date selection procedures. Since 1955, the principal components used in USAF
pilot selection have included a physiological fitness examination; the paper
and poncil Air Force Officer Qualifying Test (AFOQT); certain personal
factors such as age and the type of college degree obtained by the candidate;
and actual flying experience, assessed either by the possession of a civilian
pilot's license or performance in a short Air Force light aircraft flying
program given to promising candidates without a license. While these compo-
nents do significantly predict success in UPT, literature reviews (Imhoff &
Levine, 1981) and discussions with flight training and operational personnel
Indicated that additional candidate testing in the areas of psychomotor
(hand-eye coordination) performance, cognitive abilities such as information
processing speeds, and personality factors would have considerable potential
for making improvements to the current system. To accomplish testing in
these areas, the Basic Attributes Tests (BAT) were developed.

The BAT is a totally automated testing system designed around a commer-
cially available supermicro-computer (Alcyon). The BAT system encompasses
all the necessary hardware and software for high speed graphics, millisecond
interval response timing, multiple joystick control, and keypad response
entry. Software sub-routines in the BAT provide internal diagnostic checks,
oerform auto-recoveries in the event of systems failures, control test
presentations, score test performance, conduct immediate data audits and
checks for out-of-range responses and perform data file handling chores. The
current version of the BAT has 15 subtests which are being evaluated for
aircrew selection. These include measures of perceptual and mental encoding
speed, mental rotational abilities, decision making speed, time sharing
ability, figure-ground separational ability, risk taking, decisiveness,
personality factors, and two tests of psychomotor ability. While the
majority of these tests are in the early stages of evaluation, the
psychomotor tests have been extensively analyzed and their usefulness in the
effort to improve the selection of Air Force pilot candida
topic of this paper. LEA. ( ; .
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METHOD

Predictive Validation

The two psychomotor tests were administered to 1725 subjects prior to
their entry into UPT during fiscal years 79 through 82. These subjects had
been selected by the normal system and their psychomotor scores were held in
confidence until after they either completed or were eliminated from pilot
training. Air Force UPT is a 49 week course with approximately 175 flying
hours conducted in the T-37 and T-38 jet training aircraft. Following
training termination, graduate or elimination status was obtained on these
subjects and used as the criterion for the predictive validation of the
psychomotor tests.

Concurrent Validation

As an additional validation of tlhe psychomotor tests, test units were
sent to Williams AFB, Arizona to collect psychomotor scores on 95 graduating
UPT students. For this group, the results of the Advanced Training
Recommendation Board (ATRB) were obtained as criteria. The ATRB is convened
towards the end of UPT and consists of instructor pilots, training squadron
commanders and wing staff. The purpose of the ATRB is to decide which of
the graduating students should receive a Fighter-Attack-Reconnaissance (FAR)
follow-on assignment recomendation and which should receive a Tanker-
Transport-Bomber assignment recommendation. Only the better students receive
a FAR recommendation and the ATRB decisions were used as the criterion or
the concurrent validation of the psychomotor tests.

Psychomotor Test Description

The first of the two tests-TWO HAND COORDINATION-was a pursuit tracking
task in which a triangular target moving in a circle had to be tracked with
a cross-shaped cursor. The movement of the cursor was controlled by two
joysticks. One joystick controlled the left-right axis (Xl) movement of the
cursor while the other joystick controlled the up-down axis (Yl) movement.
The second test-COMPLEX COORDINATION-was a compensatory tracking task in
which the subject was required to keep a cursor as close as possible to the
intersection of a vertical and horizontal line while also keeping a short
bar of light as close as possible to the vertical line. Test generation
software included 3 biasing function which increased the difficulty of this
task. The movement of the cursor in the left-right axis (X2) and dp-down
axis (Y2) was controlled by one joystick while the movement of the short bar
of light in the left-right axis (Z2) was controlled by foot operated rudder
pedals (later versions of this test, developed after 1983, have eliminated
the rudder pedals and use both joysticks for the second test as well).

For both tests, scores are obtained by accumulating the absolute
displacements from the cursor to the target point and, for the second test,
from the bar of light to the vertical line. Each test has a three minute
practice period followed by five minutes of scored performance. Five scores
are produced, one of each of the control axes (XI, Yl, X2, Y2, Z2). Since
these scores reflect tracking error, lower test scores indicate better
performance.

681



RESULTS

Predictive Validation

For the psychomotor tests to be useful, at least some of the five scores
must significantly differentiate between candidates wno graduated and those
who eliminated from UPT. In addition, it is reasonable to expect some
differences among the scores for different types of eliminees. Reasons for
elimination from UPT are flying deficiency, academic deficiency, medical,
self-initiated, and fatality. If psychomotor ability, as measured by these
tests, is related to flying aptitude, then the greatest differences in test
scores should be found between the graduates and those who eliminated for
flying training deficiency reasons.

These hypotheses were evaluated by ccmparing tne means of the
psychomotor scores among three categories--UPT graduates, all UPT eliminees,
and UPT flying deficiency eliminees. The mean psychomotor scores for these
groups and the probabilities of the differences among these means occurring
by chance alone is presented in Table 1. All five scores showed significant
(p < .001) differences in the expected direction between graduates and
either category of elimination. In addition, for all three of the COMPLEX
COORDINATION scores, the means of the flying deficiency eliminees were
significantly (p < .01) worse than those of the eliminees for all other
reasons. These results indicate that both psychomotor tests can identify
eliminees but that the COMPLEX COORDINATION test may be a better test to
identify those candidates who will eliminate for flying deficiency. These
results validate the use of the psychomotor scores as predictors of success
in USAF UPT.

TABLE I

Psychomotor Scores
Xl Dl 2 12

Means by UPT Outcome*

Graduate Means 14315 16341 3559 2858 4725

All Elim Means 15829 17621 4936 4173 6678

Flying Deficiency (FD)

Elim Means 16302 18007 5593 4702 7580

Probabilities cf Psychomotor Score Differences Occurring by Chance Alone

Grads vs All Elims .001 .001 OO1 .001 .001

Grads vs FD Elims .001 .001 .001 .001 .001

FD vs Other Elims .103 .182 .006 .010 .005

*Psychomotor scores reflect errors and therefore, lower scores mean better

test performance.
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Concurrent Validity

The psychomotor testing of UPT students nearing graduation at Williams AFB
permitted the concurrent validation of the tests against the criterion of the
ATRB decision. Only the better students received a FAR recommendation. It
was found that the FAR students had significantly (p < .01) better scores than
the TTB students on two of the five psychomotor measures (a third score was
significant at p ( .05). Also, using multiple linear regression, the five
psychomotor scores produced a significant (pj< .01) multiple correlation
against the FAR/TTB criteria (R = .43). These results show that, in addition
to identifying candidates with low probabilities of UPT graduation,
psychomotor scores also relate to superior performance in UPT. Taken
altogether, these results indicate that the quality of UPT students can be
improved with psychomotor screening.

Development of a Psychomotor Screening Equation

To obtain the maximum prediction accuracy from the psychomotor scores, a
weighted equation or linear model was developed to predict UPT outcome. This
equation provides a screening score based on psychomotor ability. Because the
criterion was dichotomous and was coded 0 for eliminees and I for graduates,
the screening score can be roughly interpreted as a probability of success in
UPT. To detenine the weights for the model, multiple linear regression was
used with all five psychomotor scores as predictors and UPT outcome as the
criterion variable.

While all five psychomotor scores were significant predictors of UPT
outcome, the scores within each test were highly interrelated. Accordingly,
the most useful linear model would contain the fewest psychomotor scores which
still accounted for as much of the criterion variance as all five scores
together. However, that does not mean that the tests could be changed to
present only the most predictive axes because that would change the nature of
the tasks in the tests. After several model comparisons using the F-ratio,
the final screening equation (R = .196) contained only the Xl and Y2
scores. Using this equation, psychomotor screening scores were computed for
the 1725 subjects in the predicti-e validation analysis and the mean screening
score for those who graduated (79.0) was found to be significantly (pS .001)
less from those who eliminated (75.1).

The practical usefulness of this psychomotor screening model was assessed
using hit/miss tables produced for the 1725 case sample, comparing the
predicted UPT success scores from the final regression equation versus actual
UPT outcomes. To illustrate the effectiveness of the psychomotor screening
model, two points have been chosen trom the hit/miss tables. These two points
represent the screening effectiveness of the psychomotor scores had they been
used to rank order the 1725 cases and had only the best 90% and 80% of them
been chosen. These examples are given in Table 2. For example, using the
10th percentile cut score (taking only the best 90% of the subjects) on this
sample would have resulted in correctly rejecting 19.6% of all the eliminees
while incorrectly rejecting only 8.0% of the graduates.
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Development of an Integrated Pilot Selection System. While this
psychomotor-based system appears useful, a potentially more effective
approach would consider all valid screening information simultaneously. The
next step in the research was to determine how to integrate the psychomotor
information into the current selection process. Again, a multiple regression
analysis framework was used. A subsample of 268 UPT cases was identified for
whom data were available on age, AFOQT scores and performance in the Flight
Screening Program (FSP). The FSP is a 14-hour, light-aircraft flying course
used to screen applicants on basic flight skills. These are the major
components used for selection of non-Air Force Academy pilots candidates.
Through regression techniques, an integrated model was developed which
captured the unique predictive information available from the experimental
psychomotor tests and operational selection factors. The experimental
psychomotor tests and every other source of information contributed unique
prediction in a final regression model which had a multiple R = 0.45
(p < .001). Another hit/miss analysis was conducted using this integrated
model. The effectiveness of the integrated approach, when used to select
the best 90% and 80% of the 268-case sample, is also illustrated as part of
Table 2. The results were quite impressive. Had the integrated system been
used to select the best 90% (a 10 percentile cut score), then 28.9% of all
the UPT eliminees in the sample would have been correctly rejected while
only incorrectly rejecting 2.6% of the graduates. The integrated approach
would have done substantially better than the psychomotor only system.

TABLE 2. Examples of Screening System Effectiveness

10th Percentile Cut 20th Percentile Cut

Percent of All Elims Rejected

Psychomotor Only Model 19.6% 31.8%
Integrated Model 28.9% 47.4%

Percent of All Grads Rejected

Psychomotor Only Model 8.0% 15.7%
Integrated Model 2.6% 10.4%

DISCUSSION

The results of the analyses conducted demonstrate that the two BAT
psychomotor tests produced scores which were valid predictors of UPT perfor-
mance. Candidates who graduated from UPT were differentiated by their scores
from those who eliminated. Also, superior UPT students (FAR recommended)
were differentiated from weaker students. This differentiation of pilot
candidates could be used through the implementation of the psychomotor only
screening model, however, a much more effective use was found through the
development of the integrated pilot selection system. The integrated system
made use of the valid information available from the current operational
selection system as well as the psychomotor test scores. Because of the
potential improvements in selection accuracy inherent in the integrated
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system, in January 1985, the Air Force Air Training Command decided to
implement the integrated selection system following an operational trial
which has already begun.

Ongoing R&D is continuing with the other BAT subtests. As these tests
oecome validated, their use in the integrated system approach will be eval-
uated. If it is found that they significantly add to the predictive accuracy
of the current integrated system, they will be included in a fashion similar
to the psychomotor tests. Because all BAT subtests can be administered on
the same co-puterized testing system, their inclbsion in the integrated

selection system will entail software changes only. In this regard, the Air
Force UPT selection system can continue to mature ana become more accurate
over time. Additionally, new BAT subtests, measuring other relevant charac-
teristics, can be developed, validated, and added to further improve the way
in which candidates are selected for Air Force pilot training.
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SELECTIN OF SKILLED I m'E2 ANE EM4PLOYEES

E4 111E U.S. POSTAL SERVICE

Henry A. Mueller
Senior Psychologist
U.S. Postal Service

Washington, D.C.

Abstract

The Maintenance Selection System is a comprehensive carputer based evaluation
system designed to inprove the dssesStent of applicant abilities and knowledge
in key qualification areas. The skilled maintenance craft positions filled by
this system are in the areas of mail processing equipment maintenance, 2in
addition to building and building equipment maintenance.

The Maintenance Selection System provides procedures, instruments, and
techniques to improve the efficiency and quality of maintenance selection and
promotion ac.ivities in order to ensure that the best qualified candidates are
selected for placement into vacant positions. This system integrates valid
and reliable independent measures into a ccmprehensie selection rating of an
applicant's total qualifications. Moreover, system generated information is
used by maintenance managers to diagnose deficiencies and to provide training
suggestions for individual repairmen and technicians in these technical areas.

There are five major elements in the Maintenance Selection System:
Qaalification Standards, Written Examinations, Review Panel Evaluations,
Supervisor Evaluations, and the Scoring and Reporting Program. These elements
and the supporting structure and procedures are described.
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Introduction

Te mechanization and automation of rail processing activities in the Postal
Service is increasing at an astuxLung rate. We now have equiprent which can
sort more than 32,000 pieces of mail per hour. Building equipment in our
facilities is also being upgraded. Complex electronic equipment is used to
monitor and control essential environmental system. The proper, cost
effective preventive and corrective maintenance of this intricate equipment is
crucial to the operations involved in mraring the mail and, indeed, to the
continued survival of the Postal Service.

The introduction of this cerplex electronic equipment has substantially
changed the necessary qualifications of those who monitor, maintain and repair
this equipment. A number of performance audits which have been completed by
both Postal Operations and Inspection Service personnel have indicated that
the competencies of the maintenance support staff are less than optimal to
meet our expanding maintenance requiremnts, both in terms of current equip-
ment maintenance activities for which they are given job training, and basic
knowledge, skill and ability (KSA) requirements which they should bring with
them to the job.

mhenever possible, skilled maintenance craft positions I are filled by pramo-
tion of qualified applicants from within the maintenance department. If our
maintenance operations are to function effectively, we mast have a system to
determine what the minim=r qualifications for a position are; we cannot simply
select the best applicants from all those available in the overall labor
market.

For most maintenance craft promotions where there are qualified applicants,
the best qualified applicant is selected. Qualifications considered include
the ability to perform the job, merit, experience, knowledge, and physical
ability. However , if there is no appreciable difference in the qualifica-
tions of the best of the qualified applicants seniority is the determining
factor. If we are to obtain maximum utility we must differentiate between
applicant qualifications to the greatest extent possible. This requires that
we obtain a carprehensive picture of an applicant's total qualifications for
selection purposes.

Hiring unqualified people is costly in terms of both money and tine.
Productivity can drop. Morale probles can arise throughout the organization.
An unacceptably high amount of training may be necessary to develop the basic
skills that the new employee was erroneously assumed to bring to the new 3ob.
Maintenance manarers tell us that in sae cases no amount of travdng can
enable the person to achieve even a minimally satisfactory level of
performance.

1 In the Postal Service a position refers to the duties and

responsibilities performed by one or more individuals doing the same tasks.
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The purpose of the maintenance selection developsent project was to develop
the procedures, instrunents, and techniques required to select and promote
individuals who are qualified and capable of maintaining and learning to
maintain our expanding inventory of technologically advanced equipment.
In an effort to corbine measures covering an applicant's total qualifications
into a single selection rating, it was first necessary to identify valid and
reliable selection methods which have been found to be predictive of future.
job performance for similar maintenance positions. A review of the literature
looked at previous studies of written examinations as well as alternate
selection procedures.

The usefulness of standardized tests for personnel selection is supported by
Ghiselli (1966, 1973) in his reviews of published tests. In his 1973 article
he states, "As would be expected from the characteristics of the jobs which
constitute the trades and crafts, tests of intellectual abilities and of
spatial and mechanial abilities have fairly substantial validity for the
prediction of trainab.ility." In the same article he. goes on to say, "When it
cares to measuring aptitude for performing the actual )ob itself, tests of
intellectual abilities, spatial and mechanical abilities, perceptual accuracy,
and personality traits are all found to be equally effective, having moderate
validity." Ghiselli concludes his article stating, "It will be recalled that
single tests are being considered here, and that judiciously selected combi-
nations of tests would have been [sic] higher validity."

Schneider (1976) states "Achievement tests are also used in industry as
predictors. Because the nature of an achievement test is to assess the
outcm-e of a process of relatively formal education or formal experience, such
tests are useful in predicting imrediate job performance." Ghselli (1966) has
demonstrated that an interview rating based on discussion of specific aspects
of an individual's previous work and educational history had reasonably high
validity, even under very unfavorable circumstances. Schmidt, et. al. (1979)
describe an alternative evaluation method which requires job applicants to use
structured guidelines in assembling a portfolio of verifiable acoarplis hents
relevant to the job. lhese accomplishments are then submitted to a panel of
job experts who rate the candidate. The rationale for "unassembled
examinations" is behavioral consistency: past performance is the best
predictor of future performance in similar jobs.

These findings wre used to develop a new maintenance selection system which
integrates independent selection measures (i.e., written examinations and
evaluations of training, education, experience, and job performance) into a
carprehensive computer based evaluation system. The developrental process
used ir the study was designed to ensure that the selection process would be
valid, i.e., that it would provide ratings that ooulC appropriately be used to
select qualified applicants who would be able to learn and to perform the
important tasks in the skilled positions. To assure their usefulness,
reliability, and defensibility, the new selection procedures were developed to
conform with both professional and federal standards. (APA, 1980; Uniform
Guidelines, 1978) This system also enhances uniform application of
qualification requirements to ensure the integrity of selection and promotion
decisions and to help us meet the Postal Service's mernt and equal employment
opportunity objectives.
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System Development

Job Analysis

A corprehensive occupational study of 54 Postal Service trades and crafts
positions was undertaken to establish a data base for the developmnt of a
selection program. The initial phase of developing job analysis question-
naires Legan with a search of existing inventories and previous job analysis
studies for similar jobs. Relevant task inventories yielded thousands of
elemental tasks which were subsequently refined into 688 more general task
stateents and grouped into 24 functional job dimensions, called work
behaviors. This effort was assisted by the contributions of eight groups of
ten initial- and second-level supervisors from diverse postal installations in
all five postal regions.

Using self-administered job analysis questionnaires information was collected
fran approximately 1300 incumbents and the original 80 supervisors. The
survey included information about: (1) the tasks and work behaviors
performed; (2) KSAs which are required for minimally satisfactory
performance; (3) the tools and instruments used; and (4) equipirent repaired
and types of repair perforned.

Measures

Qualification Standards

New qualification standards were developed to describe the minmm KSAs which
are required on entry and which are necessary for the satisfactory performance
of the duties and responsibilities of each position. They also contain
additional KSAs which are not absolutely essential but which contribute to
iuproved job performance by enabling the applicant to perform a wider variety
of tasks and/or learn to perform a wider variety of tasks with less training.
These are referred to as Desirable Qualification Factors. The Qualification
Standards also include examination, physical, training, and licensing
requirements.

Written Examinations

Two multiple-choice paper and pencil instrLments were developed to measure
basic abilities such as mathematics, reading comprehension, and following oral
directions. Three mItiple-choice -ob kryowledge tests were designed to assess
knowledge of such subjects as mechanics, electricity, digital electronics,
etc.

Review Panel Evaluition

A Review Panel, established for each position, is composed of these mmbers:
(1) the senior installation Maintenance Manager or designee; (2) a supervisor
or manager who is knowledgeable in the functional area of the position, and
(3) an EAployee and Labor Relations representative. The Review Panel
evaluates written and oral docmmentation concerning the candidates education,
training, and experience accomplishments pertaining to required and desirable
KSAs. Performance Level Scales with behavorial examples, or benchmarks anchor
four performance levels on the nine-point scale for each KSA.
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Supervisor Evaluation

Nine- point Performance Level Scales with behavorial exanples, or benchmarks,
are used by the i=mediate supervisors to describe the applicant's level of
qualification on 19 comrmn KSAs.

Major System Elements

Qualification Standards

Based on the job analysis information, new qualification standards were
developed for each of the skilled maintenance positions. These qualification
standards describe the minimum qualifications as well as additional KSAs which
are not absolutely essential but which contribute to improved job performance.

Written Examinations

With the assistance of well qualified incum'bents and supervisors with previous
maintenance experience, five new written examinations were developed to
measure the KSAs required for each of the skilled maintenance positions. An
analysis indicated that a majority of the jobs required basic abilities such
as math, reading conprehension, and mechanical comprehension. Specific job
knowledge is also necessary for satisfactory performance in all of these
positions.

Each of the examinations requires approximately three and one-half hours to
administer. Once an examination is completed, the KSA scores obtained for all
current Postal Service employees are retained in a computer file for use in
selection to other positions which require the same examinations. Only the
examination questions which cover the required or desirable KSAs for a
position are used in the scoring algorithm for that rosition register.

Except under special circumstances, applicants may not retake an examination
for a period of one year. When a Postal employee retakes an examination, the
highest score ever achieved on each KSA, on that examination, is retained by
the systam. There is no penalty for retaking an examination even if a lower
score is achieved.

Review Panel Evaluation

A Review Panel is establishe for each position to evaluate the qualifications
of all current Postal Service enployees for each position for which they
apply. Written applications, supplemental applications and interviews are used
to assess the applicant's past training, education and experiences and the
effectiveness of the applicant in those situations. The purpose of the
assessment is to determine whether the applicant actually possesses the
required and desirable KSAs and to what degree.

After reviewing the aocumulated evidence each panel mnber independently
assigns a rating to each required or desirable KSA, on the qualification
standard, that is evaluated by the Review Panel. The Panel imrnbers then
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discuss their ratings and assign a composite ratng which is the consensus of
the Review Panel for each job element. Ratings are recorded on the optically
scannable Review Panel/Supervisor Evaluation Form.

Supervisor Evaluation

Imediate supervisors have a major role in deciding who to promote or transfer
within the maintenance craft. The supervisor of each maintenance employee who
applies for a promotion or transfer evaluates and rates the subordinate's
level of qualification on 19 oamon KSIs which are required for a majority of
the positions. Evaluations are made on the basis of the applicant's job
performance during the previous twelve months. Performance Level Scales are
provided to the supervisors to standardize the evaluation process. If the
supervisor cannot rate the subardinate on a particular KSA, due to
insufficient information, the supervisor rates the KSA "Not Evaluated" for
that individual. This rating does not penalize the applicant because both KSA
and register scores are the weighted average of the available information.
Ratings are recorded on an optically scannable Review Panel/Supervisor
Evaluation Form.

The next-higher level supervisor or manager reviews the ratings and discusses
any differences of opinion with the originating supervisor. When concurrence
is reached and the forms have been verified they are forwarded to the National
Test A&inustration Center for processing.

A maintenance craft applicant who requests to be re-evaluated by the Review
Panel or to retake an examination is also required to have a new supervisor
evaluation. This ensures that the most recent information about an employee's
work performance is used for the promotion decision.

Scoring and Reporting Program

Aplication Procedures

Interested Postal Service employees are required to complete a Personal
Data/Job Selection PS Form 2518-A (i.e., application) for all positions
applied for. All applications for an installation are assembled and submitted
to the National Test Administration Center (NTAC) for review. NTAC optically
scans the applications and an automated warehouse system returns to the office
a complete set of examination materials and a listing of all applicants,
indicating those who have examination or evaluation data on file. In addition
to examination materials, pre-printed scannable rating forms for the Review
Panel and supervisor evaluations are sent to the office. Completed
examinations and evaluations are sent back to WNAC for scoring,

When the PS Form 2516-As are received at NTAC a permanent record is created
for each employee. Identifying information on this record allows the system
to print each applicant's Social Security Number code and other background
information on the pre-printed evaluation forms. Evaluation ratings on the
forms are automatically matched with the enployee's record when the. forms are
returned to the NTAC and electronically scanned. The employee's record
identifies when complete information is received for each position register.
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Applicant Results

After the scoring of all materials is completed, a Numeric Eligibility
Register (NER) is provided for each position. The NER is essentially a sheet
register, or listing of all applicants and their respective register scores.
The register score is the arithmetic mean of the SA composite scores required
for the register (..e., both proficiency and desirable KSAs). The KSA
crposite scores are the weighted average of the examination score and/or
evaluation rating (s) for the KSA. In the KSA composite score the examination
score is worth twice the weight of any single evaluation rating. Evaluation
ratings on the sane KSA are equally weighted.

Every proficiency requirement (i.e., required KSA) for a register has a
specific qualifying score which must be achieved before the applicant is
eligible for that particular register. All of the applicant's KSA caposite
scores mst equal or exceed the respective qualifying scores in order for the
applicant to meet the minimum qualifications and be considered eligible for
selection or promotion.

Applicants who do not meet the minin= qualifications are reported as
ineligible and are provided with a listing of the KSAs on wh ch they are
deficient. In addition, all Postal Service enployees, regardless of
eligibility status, are provided with a listing of the KSAs on which they
scored below the 50th percentile for the incumbent population in the position.

Promotion Eligibility Registers (PERs)

When a maintenance position vacancy becomes available, it is filled first from
a PER of current maintenance craft eligibles. PER- are created based on
information from written examinations, supervisor evaluations and Review Panel
evaluations. The NER score is used to rank order maintenance craft candidates
for promotion on the PERs. Candidates who desire to improve their standing on
a register may reccopete when they have demonstrated the acquisition of new or
additional training, education, or experience pertinent to the qualifications
for te position.

Inservice Selection Registers

If the PER for a maintenance position is depleted, an office will normally
select a Postal Service employee from outside of the maintenarce craft.
Inservice applicants outside of the maintenance craft are placed on selection
reg2_sters in the order of their NER scores which are based on their written
test scores and Review Panel evaluation ratings. A local Selection Committee
(separate from the Review Panel), composed of an Employee Relations represent-
ative, and a technical maintenance supervisor in the functional area of the
position, is responsible for ensuring that all qualifications, not measured by
the written tests or Review Panel, are satisfied before selection or
promotion. This is normally accomplished by interviewing previous
supervisors, and other knowledgeable individuals to determine whether any
negative inf;_,.mation exists which would prevent the applicant fram performing
the requiremats of the position satisfactorily.
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Entrance Hiring Registers

When no current Postal Service employees are eligible for promotion or
reassignment, positions are filled by entrance applicants. Applicants from
outside of the Postal Service (i.e., entrance applicants) are ranked on the
basis of their written test scores, plus veterans points. Using the rule of
three, qualified applicants are considered on an "as-needed" basis in relation
to their position on the hiring register. At the time of hiring
consideration, applicants must meet the total qualifications for the position.
This is determined by a Selection Camittee which reviews and evaluates a
written and supplemental application for the individual as well as any
additional information which they can obtain fran applicant interviews and
information from previous enployers.

Pramotion Counseling

The system also provides information which can be useful for promotion
counseling. A general comparison can be made between an applicant's test
performance and that of the incuribent population. Based on this information,
informal meetings with supervisors or training personnel to discuss applicant
deficiencies are encouraged. There are many mutual benefits to be obtained by
informing applicants on how they can improve and by encouraging than to obtain
appropriate training and experience to increase their promotion potential.

Summary

Tla.re have been problems selecting qualified maintenance personnel who are
capable of maintaining and learning to maintain our expanding inventory of
technologically advanced mail. processing and building-related equipment. In a
coordinated and cooperativ effort the Office of Human Resources and Office of
Maintenance Management .n the Postal Service have developed the Maintenance
Selection System in order to ensure tha we can select and promote qualified
maintenance personnel.

An effective and fair selection system requires accurate identification of
current selection requirements, reliable, objective, and valid measurement
instamvents, and procedures and a timely method of distributing qualification
ratings. It is believed that the Maintenance Selection System, using an
integrated systems approach and constant surveillance, meets this need for the
Postal Service. Current research efforts will monitor system performance and
provide a camprehensive understanding of the interrelationships between the
measurement methods within the system. Future refinements may erable us to
revise and streamline the system and, at the same time, increase the validity
and utility in the promotion process.

In conclusion, Gniselli, Schneider, Schmidt and others have all proposed
independent methods for measuring applicant qualifications. The Maintenance
Selection System integrates written examinations, Review Panel Evaluations and
supervisor evaluations into a oarposite rating which presents a coaprehensive
evauation of an applicants total qualifications for prcmotion to skilled
maintenance craft positions.
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THE EFFECTS OF THE FLIGHT SCREENING PROGRAM ON

ATTRITION IN UNDERGRADUATE PILOT TRAINING

By

JOHN C. QUEBE
Air Force Human Resources Laboratory

INTRODUCTION

Air Force commissioned officer and Officer Training School IOTS) pilot
training candidates who do not have a Private Pilot's License are required
to complete a Flight Screening Program (FSP). FSP is a 14-hour flying
program in the T-41 (Cessna 172). All student sorties are graded by the
Instructor Pilot (IP). Students performing especially poorly may be
eliminated before completion of the program. After 12 flying hours,
students are administered Final Evaluation Flight covering the basic flying
skills taught. Students failing this evaluation may repeat it one time.
Students achieving a satisfactory Final Evaluation Flight grade proceed to
Undergraduate Pilot Training (UPT). All other students are eliminated from
the pilot training program for flying training deficiency (FTD). Thus, the
program acts as a screen for entry to UPT.

In 1980, an experimental evaluation of the FSP was begun witn the aim of
determining the effects of the program on UPT and particularly its
effectiveness in reducing attrition in UPT below the level which would be
expected without FSP. The research plan used to achleve this aim may be
regarded as essentially addressing four questions

1. Does the FSP have any effect on UPT attrition rates?

2. If FSP does affect attrition rates is the effect from screening,
training or both?

3. Does the FSP confer a flight training and/or experience benefit?

4. If there is a training/experience effect, would a longer program of
FSP flying significantly increase the training/experience benefit?

APPROACH

SUBJECTS

Different FSP treatments were given to different groups of pilot candi-
dates who were then follwed through UPT. Five groups were defined as
follows-

Group I (No FSP). Consisted of 123 entrants who would normally have
been required to complete the FSP but were allowed to enter
UPT directly. These cases, therefore, were unscreened and
untrained.

Group (Extended FSP). Consisted of 57 entrants who were given an
extended FSP of 20 hours instead of the normal 14 hours,
although screening was still applied at the 14-hour point.
These cases, therefore, had 6 extra hours of FSP training and
experience.
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Group III (Normal FSP). Consisted of 514 students who passed through
the normal 14-hour FSP and were screened at the 14-hour
point. These cases, therefore, had normal FSP and were
screened. This group may be regarded as a control group.

Group IV (Unscreened). Consisted of 266 students who were given 14
hours at FSP but, regardless of performance, were sent on to
UPT. In effect, these subjects were not screened.

Group V (FSP Failures). Was defined as a sub-group of Group IV and
consisted of 34 of the 266 (13%) who were judged by the FSP
IP's to be FSP failures for FTD reasons. Nevertheless, they
were allowed to proceed to UPT. The members of this group,
therefore, had received 14 hours flying experience but were
considered to be unsuitable for UPT.

PERFORMANCE CRITERIA

The FSP treatment effects were evaluated for impact on the following
criteria:

I. Pass/fail for FTD reasons at the end of UPT.

2. Pass/fail for all reasons at the end of UPT.

RESULTS

Comparisons were made between different groups to provide the answers to
the four primary questions posed in the research plan. Results are based
primarily on chi-square analyses. Final UPT training outcomes for each of
the five groups are given in Table 1.

TABLE 1. UPT Outcome Data for FSP Groups

FSP Experimental Group

I II III IV V

N % N % N % N % N %

Final UPT Outcome
FTD 34 28 2 4 78 15 42 16 13 38
Non-FTD Eliminees 20 16 5 8 56 11 39 15 11 32
All Eliminees 54 44 7 12 134 26 81 30 24 71
Graduates 69 56 50 88 380 74 185 70 10 29

Total N 123 57 514 266 34

OVERALL EFFECTS OF FSP: DOES FSP ACHIEVE ANYTHING?

If the FSP achieves nothing in terms of reduced UPT attrition, it is not
acting as a screening device, and is conferring no training/experience
benefit.
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To determine whether FSF has any affect on UPT attrition, the UPT out-
comes of trainees who had entered UPT without previous FSP experience or
screening (Group I) were contrasted with those of trainees who had taken the
normal 14-hour FSP (Group 11). The results of these comparisons are given
by phase of training. Table 2 shows that final UPT attrition for all
reasons was significantly lower in the group which had been through FSP
(26%) than in the group which had not (44%) ( p, .001). Attrition for FTD
reasons was also significantly lower (17% vs 3%; p< .001).

Conclusions. FSP has a significant effect on LUPT attrition rates.
Students who had been through FSP had lower attrition rates for both FTD and
all reasons combined.

TABLE 2. OVERALL (SCREENING AND TRAINING) EFFECT

(GROUPS I & I1) UPT FINAL OUTCOME

OVERALL ATTRITION FTD ATTRITION

PASS FAIL(ALL) TOTAL PASS FAIL TOTAL

GROUP III
(FSP) 380 134 514 380 78 458
(%) (74) (26) (100) (83) (17) (100)

GROUP I

(NO FSP) 69 54 123 69 34 103
(%) (56) (44) (100) (67) (33) (100)

Total 449 188 637 349 112 561
(70) (30) (100) ( 80 (20) (100)

X2 = 14.33, df = l,pe .001 X2 = 12.4, df = 1,pA .001

SCREENING EFFECT OF FSP: DOES FSP SCREEN EFFECTIVELY FOR UPT?

If the FSP screens out probable UPT eliminees, by eliminating them for
FTD in FSP, it is fulfilling its primary purpose. Whether the FSP screens
effectively for UPT may be app-oacned in two different ways. The first
question which may be asked is: "Can individuals who are likely to fail in
UPT be identified at FSP?" The second question is: "Does the screening
which takes place at FSP significantly reduce attrition rates in UPT?" The
first question is concerned primarily with the validity of the FSP as a
method of identifying potential UPT failures. The second question is more
complex in that the answer depends on organizational factors such as the
cut-off standards applied in FSP and the consequent rejection ratios.

Identification of Potential UPT Failures Durinq FSP

To determine whether potential UPT failures could be identified after
14 hours flying at FSP, it was necessary to compare attrition rates in UPT
between the 34 FSP 'failures' admitted to training ( 'roup V) and the students
who went through FSP alongside them, their contemporaries who were the FSP
graduate element of the complete unscreened group (Group IV). (Contempories
of Group V were examined to minimize the effects of any changes in FSP and
UPT over time.) Through these comparisions, it wa found that the overall
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attrition rate of the Group V "FSP failure" (71%) was significantly (Pg
.001) higher than the overall attrition rate of the Groups IV "FSP
Graduates" (25%). Similar results were found with respect to FTD
elimination rates in UPT (see Table 3).

Conclusions. These results indicate that some high UPT failure risks can
be identified at FSP with a good degree of accLracy, (only 29% of those
identified as FSP 'failures' finally graduated from UPT).

The Effects of FSP Screening on UPT Attrition. Comparison of Screened and
Unscreened FSP Groups.

To determine whether FSP screening overall had a significant effect on
UPT attrition, the UPT outcomes of cases in Group III, who had been through
the normal 14-hour FSP and had been screened, were compared with the UPT
results of Group IV, who had been through FSP but had not been screened; the
latter greup contained the 34 'FSP failures' identified"as Group V. These
analyses revealed no significant differences in UPT results between the
screened and unscreened groups. For overall attrition, the rates were ?6%
for the screened group and 30% for the unscreened group (Table 3). For the
FTO attrition criterion, the rates were 17% for the screened group and 19%
for the unscreened group (Table 3).

TABLE 3. SCREENING EFFECT (GROUP III vs IV)

UPT FINAL OUTCOME

OVERALL ATTRITION FTD ATTRITION

PASS FAIL(ALL) TOTAL PASS FAIL(ALL) TOTAL

GROUP II'

GROUP III
(SCREENED) 380 134 514 380 78 458

(%) (74) (26) (100) (83) (17) (100)

GROUP IV
(NOT SCREENEO)

(%) 185 81 266 185 42 227
(70) (30) (10O0) (81) (19) (100)

TOTAL 565 215 780 565 120 685

() (72) (28) (100) (82) (18) (100)
X2 = 1.47, df = 1, P. NS X2 = .14, df = 1, P:, NS

Conclusions. The implication of these findings is that the 14 hour FSP,
with screening at the twelfth lesson did not achieve a significant
screening effect for entry to UPT. However, before firalizing such a
conclusion two aspects of the research should be noted.

First, the difference in UPT attrition between individuals identified in
FSP as high UPT risks and those judged to be better risks has shown that the
FSP examiners could discriminate with a resonable degree of accuracy.

Second, while these analyses were unable to show that FSP had a
significant screening effect on UPT attrition, there are indications that
performance in FSP is related to performance in UPT.
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TRAINING/EXPERIENCE EFFECTS OF FSP. DOES THE FSP GIVE A TRAINI4G/EXPERIENCE
BENEFIT IN UPT?

The analyses conducted to identify a screening effect of FSP were not
conclusive. The next step was to examine whether FSP provides tralning/
experience which lowers UPT attrition. Possible training and/or experience
benefits of the normal 14-hours FSP were examined by comparisons between the
UPT results of the group which was not required to attend FSP (Group I) and
those of the group that went through the FSP but was not screened (Group IV).
Higher UPT success rates for Group IV would be attributable to the training
and experience received by this group in the FSP. Overall attrition was
significantly (p 4 .05) higher in the no-FSP group than in the
FSP-experienced group (44% vs 30%; Table 4). Also, attrition for FTO
reasons was significantly (p6 .01) higher in the no-FSP group (33% vs 19%;
Table 4).

Conclusions . The FSP confers a significant training/experience benefit
reflected in the UPT attrition rates. Attrition rates are lower among
students who have passed through FSP (even though no screening was applied)
than among those who have not been to FSP.

TABLE 4. TRAINING/EXPERIENCE EFFECT (GROUPS I vs IV)

UPT FINAL OUTCOME

OVERALL ATTRITION FTD ATTRITION

PASS FAIL(ALL) TOTAL PASS FAIL(ALL) TOTAL

GROUP III

GROUP III
(TRAINED) 185 81 266 185 42 227

(%) (70) (30) (100) (81) (19) (100)

GROUP IV
(NOT TRAINED)

(%) 69 54 123 69 34 103
(56) (44) (100) (67) (33) (100)

TOTAL 254 135 389 254 76 330
%) (65) (35) (100) (77) (23) (100)

X2 = 6.14, df = 1, p* .05 X2  7.61, df = 1, pt .01

TRAINING/EXPERIENCE EFFECTS OF FSP. WOULD A LONGER FSP GIVE GREATER BENEFIT
IN UPT?

If an effect of FSP on UPT attrition is due to training/experience, would
a longer FSP course provide greater benefit? This possibility was evaluated
next. One group of students (Group II) was given 6 hours extra flying expe-
rience at the FS). Those who had not reached a satisfactory standard by the
Final Evaluation Flight were screened out at that point, but the remainder
entered UPT with a total of 20 hours of FSP flying experience instead of the
normal 14 hours. Differences in UT attrition rates favorable to this group
in comparison to the group which had received the normal 14-hour FSP with
screening at the 12-hour point, would be attributable to the extra 6 hours
flying experience in the FSP. At the end of UPT, rverall attrition was
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significantly lower in the 20 hour FSP group (12%) than in the normal-FSP
group (26%); p .05; Table 5). The differpnce in FTD attrition was also
significant (pA .05; 4% and 17%, respectively; Table 5).

TABLE S. EFFECT OF 6 HOURS EXTRA FSP TRAINING

(GROUPS II vs Il) UPT FINAL OUTCOME

OVERALL ATTRITION FTD ATTRITION

PASS FAIL(ALL) TOTAL PASS FAIL(ALL) TOTAL

GROUP II
(20 HR) 50 7 57 50 2 52
() (88) (12) (100) (96) (4) (100)

GROUP III
(14 HR)

(%) 380 134 514 380 78 458
(74) (26) (100) (83) (17) (100)

TOTAL 430 141 571 430 80 510
() (75) (25) (100) (84) (16) (100)

X2 = 4.53, df 1, p(.05 X2  5.18, df = 1, p.05

SUMMARY OF RESULTS FOR THE EFFECTS OF EXPERIMENTAL FSP TREATMENTS ON UPT
ATTRITION

(1) The analyses showed that the current 14-hour FSP had significant
effects on attrition in UPT. Attrition rates we-e lower in the group which
had undergone the FSP (Group III) than in the group which had not (Group I).

(2) High UPT-attrition risks could be identified in FSP. However, with
the data available for analysis, no difference in attrition rates in UPT was
apparent between the group which had been screened in the FSWT-'oup III)
and the group whic" had not (Group IV).

(3) There was clear evidence that the FSP conferred a significant
flight training and experience benefit. Attrition rates in U PT were lower
among pilots who had taken the 14-hour program without being screened than
among students who had been allowed to enter UPT directly.

'4) Extension of the FSP to 20 hours of flying gave an additional
training benefit. Attrition rates in UPT were significantly lower in a
group which had received the extended FSP than in the group which had
undergone the 14-hour FSP.
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WHI P'ERFORMANCE OOFS A PERFORMANCE TEST TEST"

T. M. Ansbro
1zf * Chief of 1Na'.al Ed,ction aid Training

N'av-al Air Sta~i(xcn. Pensaicolo. Florida

er fu-rarce tost , t ad-Oreses porfor mance of work by job
,1n at,,; w'-,r p l eted for prosipectivye incumbents. worier

I'a-- ti - t.rd oor certification in occopational
~(-i!5 ,rJ'i kill.; pr-ofiles for personnel and manpower models.

ta Ltr~ntI-: to measEureF or othprwis:e uexaluatc- these performances
in iroducti.'it .~mn. performarce evaluation, or other

pr -( -? - prudoie I w- -stir emerit Subsystems don't always measure
~ i'tc!.compileteh'/. c-r expertlv.

-, ,,er .i e ecutive recently said, "Nobody in management
.'tel coflfur-tIA'l t-asing to deal forthrightly, with embarrassingly

10. ;-I~r~fLll/ accurote. d~ptaxiea. and terhrricall, verifiable
peo ctnri (l -Iuit-,n onti 1 the sitales are so high that there is
no -Per-tti ~." Vie thcen citedi the hicihly successful landings ."f

;par Shtttl-s. ever- rsie performed before the .4orld public.
i,- 't qtt'ntl ,a fiti~t -ttmt? effort b,, each pilot. Consider the

eof i nasqiate p;ar formance" (favori te job/task
n.' I Lirnntvt- i tac): uoaccept! hl e v ;sI or loss of life.

o-Ar-no.nic all / eipcnsivo equipme-nt, and almost irreversible
J '-i to 11S t, -:h,oI r-gy prestige. Performance roqo' rement:

' -ot -I('or fect tan, passing score 10% (minus9 pashaps 2%/ maroin for
rr*" failIu. C inconceivable. aind Job -performance envir-onment

go, nu-c)-g"

11, m,-Iori t y oi the world of worl enjo~yz a job-performance
oi -c-nment davcid of most of such harsh real ities and dangers,,

-cre thon a hit less demandig, and rertainly more relaiied. When
-c-5er(uence of error is ltess than str-ingent, we may rela1 a bit
I,(- i. , lo-re s-me pesac e in establishing And applying
pi-ift'rmanue: t ineards to I angoiage of evaluation, or lame a

I t a th: i', o)-At tle of bi as arnd ignorance versus informed
C)).j- t i t y roni ;)Jar those e imples of ;eectltVe ji~kdgemerit:

liqI Feder ai Civil Service - --- 'Hit- p2r formance is cut standing
in over y rc-spec t" -- rater awar ded to Si0% of his ttaff ea4ch /ear

ltIS Navy printed peroznnel rating form (50th percentile)--
"T'vti. a' ita~nding 4.0 Chief Pet-t', Oficur". Possibly an
it.- pit at iin for this comintnt fr-om a Commanding Officer of an
activ-itv "T don't lii e to thiil cof these occupational
-tait-JardL (Of'STOS) as minimttm' requirements of the rate. What we
want in Li Na',y is porformanre AROVE the minimum. I want

:r''b-vinl this rLtt fit to be SGUtstanding . 'Sat.- Ffactor y' is7
'High I-ousy'> Everybody Inows that."

L at year's Cal lege Board's spucif ication oi needed learniing
o'ttcn-mes in Eiglish Literature cited "ability to read critically,
readl literary te:t analyticall1 '. read with understanding a range
of ILtcattire rich in qualily and representative of different
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lit~rary fojrms and cultoreb" -- specifically, "interest in and a
ivesr of inquiry ,,bout written words, ability to respond

,ntuit,-v arid imaginativel, to literature."
A~ toutfertenCe critic of Inistructional Systems Development

'ISD) , t-md "11,P Overkill" --- an ISD analysis of "slills"
reqt-L-ei to drive a car turned uip 4.000 "discrete be-haviors.' The

r"eitropined that there are "only a handful of general
compet.:-nries" needed to master dri ving a car "success4ull1y;"

ttfor . "those Arc the ones to define and teach." Precisely
hiow to ojet to that handful of competencies was not prEs5ented.

!lore r 6mples of this kinO might tempt a rcynical observer to
wonder ho" iwe ever evaluate with -easconable accuracy whit we do
or s L1,e product of our endeavors a ccncerned one might

0,icrd tnf mss anid ponder Ihow to ntl 1 through, examine our
,'.r~d uf wo~ I and come up with an appropriate matrix: of
reP~rr,,arIr-C ieastirement. He might determire that we need to
-I . iijtitei. oi an evaluationI vocabulary qf Such terms as (above)
'.rjenori, learniing outcomeb, general competencies, qual ity,

vu~r t -tnding" with such disparate quantities as several
ho.-aiid 'erSu:S 'a handfuil.' or percentile ratings not clearly
-y.por-ted I'V C-r.nrtte component scaling. Such terms must beg for

cl.'rifitat ion if riot uniformit-,.

What are the objectives of wort, evaluation in the first
pl-c-e- DE-5igrr a job, describe it, hire/train a prospective
,r,nrmnrent, tr~ir.fer/proinote 'retrain an incumbent, assemble an
occupational field' CojnstructL A ship/squadron/batall ion manning
'Jui rient ' Cer tif y or l icenise members of an occupational /career

ditrd (Cofe: tredertial s" Develop curricula/training programs"
Whalre--or the objective, there shouild be A definitive test to
Establ~sh thazt it ha : been or can be met. M'ethodologies arid a
,ar iety of tatrimerits abound, within fielos and subdivisions of
fields, accompanied by job-knowl edge data, also, categories:
curr.?nt US armed icrcc" job classfications (MOS, AFSC, Rating,
NEC) nosie- r somffe 42001, with adlditLions pending. We enjoy an
emtarr-b,n0ri of riihes, but noit a uniform system to put all
these;c riches together in a most meaningful Way.

Arid that suggests that in terms of job performance
evaluation there should be a test for each identifiable element
nf wcrl that wt? can logically assemble within the categories with
wh-,ch wo are dealing: occupational field, job, duty, task, skill,
certiiicAtion/pa~grade requiroment, and circle of
,stndardiz'ation. These ingredients should support any testing
p:rijram with objectives to determine or establish:

Per for mance require-ments for a prospective jobholder to meet
k~oh er~r yl, satsfac.tory' (in-job tar-I/skill performance;

Still mastery levels, tasl-i/skill ranking criteria;
.ob/sill certification/lircensing criteria.

Needed are code-d occupational-field and job-knowledge data to
Ltl'ponL thre above; also, wont-behavior inventories for projected

or incoming technologies, systems, equipment (and task/skill
retforaance deltas betwcen them and contemporary couinter parts).
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Cl~ooinq the ingredients to provide a performance test fur
,tih ahjprtiv.es requires having these iogredients at our
di-sposal: appropriate inventories, fleshed out. current, and with
r-equisi te analysis mechani sis, to provide appropriate data outputs

---a job for the computer. Fortunately, many of the requisite
muchenisms are either in development or in use. Logistics Support
At-lviis (LSA) is A massive and ambitious systoms/equipment
acqtisition and occupational data base zlready in at least
tia i .s-nt lariction und,ir a DOD mandate. HARDMAhN, which should
adjttnct io LF~j is also under way in the Navy, and an adaptation
('IANFRTNT' is in the works in the A~rmy.

What wort, behaviors are germane to all these objectives' 04
Wh"At usie are specific skil11 elemo-its as determinants of task

(uetually. job) performanc-e capabi ity Is there a clear line
from st ill demonstration to tast, performance; an "aud, trail"-
Can tasi' performances be amalgamated to indicate job performance.
job rerfi saan-e iscteutifically grouped to determine competenLy
rii eents -for an occupational -4ield' Information recall (of
f ,t. rule, or principle), frequently labelled "remembering", is,

A conventionally required test-item machanism. How often is it
r( ,ll" the wonL behavior most appropriate for testinq-' Calling
Morse Code out of memory is an enabling mechanism (skill) for
sesPidrng/rece~ising/encoding/decoding messages (tasks), which also
employ other, computational and maniputlative skills; it may be
buried deeply among the suite of corporate skills that in the
Aggregate demonstrate worker capability to perform these tasks.
Fkit ntial to predict performance capability would he relative to
fbe sflls prominence among the aggregate, and only where still
prominence is appropriately reflected in a test of performance
WOUed its Lontribution to capability predictability be valid.

F-iguire I is an attempt at representing flow, and in a sense,
metasorpnosis of basic information ("job knowledge') through

,Iill, toward job task performance. Where the evidentiary links
Let ween components in the task,-internal hi erarchy are unbro( en,
ther, would be, An audit trail es:Leblishxny (or at least tracing)
i he connection, and the contr ibution. of static and processed
inft'rmatioo to st ills performance and on up to job task
performtance (Arinbro, Hayes, 1981). Without such an audit trail,
the, mera e;:istence of tunowledge items, in an inventory of
Last --supporti rig references is not sufficient to justify their
elertion for uise in prospective test items to predict or reflect

pc'rfo:Mance; nor is random selercti on among task-underlying
0~illi. Appropriite reflection of the skill Most closely
as,soc ated wi th tas k per formancc is the keyword.

It may appear sat isfactory to test worker speed and accuracy
isending and receiving, since these are the job tasks, arid we

cair deduce that task -component skills have then been
inferentially tested. But, for a proper profile of the task, and
still performance suite of a classic worker in a model job in a
recognized occupational field (for training program development,
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pL.5it-ion description, or mann'ing document construction), we need
performance information or, mnre thani obvious terminal tasis
performed on a specific job. We may have to test for skills
identified as transferable. In the aggregate, it i, the skills
that are transferable amonq and across tasks. Task requirements
art, Bpecific, therefore fixed, si-ill requirements tend toward the
ciena; ic, are thereforo fluixd elements in a performance matrix,.

In a rough graphir_ representation of a single-job
'-l /,31.31/k'iowledge inventory, a job may be depicted as ini

i~irp , A ths point, tast, subdivisions (Omnibus, Embodied,
Ul uoi in rigure 1 ,tcquire signifiramnce. Omnibus tasksi contain
,ill cuspcrert work behaviors (siIl.etc) of act i on-mssoci ited

ta; of lesser complexity arid smaller cotmpass in the inventory;
thetc-fore "embody' them. 'Unique' tasks have no such direct

onoect ions of commonalitv among at least the majority of their
COMuCipfit work I hhvi ur' (Davis. Perry, 1980; ,Ansbro. 19841.

i'i-lrh~dis a single job encompassing its duties anc tasks,
n-: th, iiterrelatiuns. Omnibus tasks encompass embodied tasis,

anrd .1- tUrn, 'iupport performAnce o4 duties. the whole constitutes

'it ills, Underlie and support many tasks, but assume ',aried
importance or cr'iti cal ity to tast' performance; they extend

thiru-_;h enUlt iplc layer ings of tasi performance and transfer riot
only Acros!s taSIS bti also across jobs and occupational fields.
S l do, ing arnd w'eldinig skrills, for instance, provide extensive
ta-1 support throughout metalworl ing, electricity/lci ronics,
-,r..: fabr icati on occutpational fields. Much the same
characteri sticrs attend s kil is associated with use of general

pu poe 1tvst equ~ipmen~t. Skil11 layerings (o~r mastery indexes)
w; tin these slills apply variously among tasi hierarchies; e~nd

io deiA :hj -, increasingly complex environmentL of
Ukavk-; ,ll--Ccupational field interrelationship requires a
sowt r i x

F :pard the single-joh Il3lustrat ion by replicating it in a
s;inglv l-ateral linc: as, far as established or assumptively

itdjob- task--sk; 11 boundaries extend, and we have a
Pi-t Urc of an occupational fiold. Not every componient of that
fivld will he equally typical, but a circle of standardi.-ation

an bs established that will encompass what is most typical oir
repnrsenit tive. Relati 'ely esoteric, extra-high-tech, or rarely
performed jcbs or tasks (sometimes including skill support) will
fall outside the rrleI, but still within the field. It's a short
sitep from this depiction to laying out a matrix of

fi-ld/nl/utytas./sillrelationships and skzill-mastery
loyer ing,- from which icrrays of work -behavior grous; rigs may be
Aiv';embl ed to pr ovide perfo~rm,;nc-e test action items and evaluative
criteria. With adequate occupational data base support, the
computer LAtl either lio called in to assist in the make-up of the
te5nting, or it can be programmed to do the job itself.

With respect to testing in an occupational field, Navy
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isittos has; been to L-.:amnt. for job-Inowledge competence in a
fi-liather that. in A SpVCific job within that field (or

rating), therefore, generally within the circle of
t Llilj~rdliaicn. This eiiercise, however, becomes more diffICUlt

-m: the fields 0:acpad with the constant advance of technology.
wh~ch, as it becomes more plIatform/s'vsem/eqLuipment-specific. may
tie -barr uwirig the circle to the extent that it represents less of
the field thtar, can still be considered authoritatively

op ~eni ~o.Su0h almost-airoebic reproduction of jobs and
tsscan periodicall (or at least eventuially) requiire

tef init ion of the field. But it it- the specifics oF job and
4 asi deicriptions that Lerid to broaden and fractionate the
ii oplal ionAl fieldt:, whi Ic the common component (and therefore
trans~ferabile', stills tend to hold the fields in
,:,fll rtnrial form, However. increasingly expanding
apl-1iicat ion of the cnmpuiter to large data fields should tell Us
'hat it - no longer necessary to hold tightly to established

ciiu turoFs when they arE Ppand' ng or changing to differing
:;infigur-it ions.

Fstalishingj job performance requirements for teating or
h, objectives discuISsed herein necessitates a massive,

itp to daN~te ct upationAl data base of sufficient descriptive
deO-i aid in.'oentory depth to store, analyze, and rant data
Lfi[ttt . ccci for joh,,'dut /t ast /st ill commonality across and among

I) t icr, ie eioe and estab is 1h task and si i 11 compi ei~ ity
arild C 11 CiiiVi irdie'es (Ansbro, 19134). 9uch a data bas. n

anl"iomechanism must function acrosrs and among Job)
I as-i t ionis and be mnt'r natl blind to orcupati onal speci alty

r T gia Te and Mtill rant i g should depend upon coopp eci ty
0:1d rumposE'ni-y: commonal it>' and Uniqueniess, should apply across
and asung claoasifications. for definition or redefinition of

paupl ion~i 1fiel lioundcir ips. Job/duity /tast,/st,ill/i nolw(edge. dakta
,h-iild be -ri-s-cuded within, among. arnd acrobs occupational
fli i ti ai ni n progr amz- and shcxuldi be retrievable elements

it, hair dwn a prnt -ys tess:' (eii i picnt 1(-qil I sit ta on) datA systems,
iii1vii r ainirig/le,mrnintj object ivi's in courses of instruction

aiid th -i trM.Wlre And components of performance test ing.

~i ~i., . ,t The Case For A Common Data Pase. Proceedings,

"''-r,i Annual Air Force Conference on Technology ii Training aid

Anstiio, T. M. arid Hayes, W. AI. , The Job Task. Analysis/Sll s arid
f iuowledge Marr isge. Plror:eeding ,, 27rd Annual Conference of the
Illi icar y lesi )ng A-sciatiorn. Arlington, VA: 1981

Dais . D. and Ferry. N. N. , Determining Task Commonal ity in
Navy Training. Proceedings, 221wd Annual Conference of the
riilil.,r>' testinq Association. Toronto, Ontario, Canada: 19801
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How Qualitatively Informative are Test Items?:
A Dense Item Analysis

William M. Bart

Educational Psychology
University of Minnesota

The concept of the "dense item" was first introduced in a
paper presented by W. Bart at the 26th Annual Military Testing
Association Conference held in Munich in 1984. This concept is

central in a framework directed to the goal of improved
ciagnostic and prescrintive-testing. The dense item framework
and its associated methodology of refined item digraph analysis
has subsequently and unexpectedly provided a way to evaluate

cognitive theories and instructional theories. This paper
describes two quan:itative indices that can be used to tell the
degree to which a test item has the first two qualitative

properties of a dense item.

The Dense Item
A dense item is any test item that indicates exactly why

subjects provide the responses they give and exactly what

instructional sequences should be provided the subjects to

correct any faulty rules or procedures they may be using. Thus
a dense item is an ideal diagnostic and piescriptive instrument
and serves as a bridge betm2en the field of learning and
cognition and the field of instruction and teaching. A dense
item has ten properties and each property has its own

quantitative index. The first two properties are response
interpretability and response discrimination. These two
propetties and their indices are featured in this paper.

The Refined Item Digraph

Bart (1984) introduced a methodology termed "diagram

analysis" and intended to investigate test items. This

methodology has been refined and relabelled as "refined item
digraph analysis". The refined item digraph is a graphic way to
depict the associations between an item stem (e.g.,
"2 + 2 = ") and the responses to the item stem (e.g., '4") and
the inferences among the responses, the rules that relate the
item stem to the responses, and the instructional sequences that
relate the rules, whether defective or not, to the correct rule.

Psychologically, a rule is a sequerce of one or more cognitive
operations that permits an individual to generate a response from
an item stem and an instructional sequence is a sequence of one or
more instructional experiences that permits a student to learn
the correct rule from an initial mastery of a defective rule.
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A refined item digraph of a test item with three responses,
if the item were dense, would use the following notation: (a)
the item stem is termed "s" and constitutes a set S; (b) the
responses are termed "rl, r2, and r3" and constitute the set R;
(c) the rules are termed "ti, t2, and t3" and constitute the
set T; and (d) the instructional sequences are termed "zl, z2,
and z3" and constitute the set Z. In this case, let us assume
that r2 is the correct answer, then t2 is the correct rule and
z2 is the identity instructional sequence which, when employed,
maintains the knowledge and usage of the correct rule. The
refined item digraph of this item if it were a dense item would
then be the following:

Fg8ure 1: Refined item digraph of a dense item with three
responses.

rl ti > zI

s r2 t2 ------ z2

r3 0-- 3 --- z3

This refined item digraph indicates the inferences an
instructor could make from a consideration of the responses of
a student to the item. For example, if a student generated r3
as his response to item stem s, the teacher would know not merely
that the response was wrong, but also that r3 results from usage
of defective rule t3. The teacher could also infer that
instructional sequence z3 should be provided to the student so
that he/she can learn t2, the correct rule.

A refined item digraph has only between-set inferences and
no within-set inferences interrelating the sets S, R, T, and Z
for an item. An item digraph has, however, both between-set
inferences and within-set inferences interrelating the sets S,
R, T, and Z for an item and being indicated by arrows. A refined
item digraph and an item digraph are both digraphs, because they
both are arrays of points interconnected by arrows (Iarary,
Norman, & Cartwright, 1965).

In the explication of the dense item and its properties,
it is sufficient to consider only between-set inferences for an
item and that is why it is parsimonious to analyze only refined
item digraphs and not item digraphs in general for this exposition
on the dense item.
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The Index of bod
One important concept in digraph theory that is useful in

refined item digraph analysis is that of between-set outdegree.
The between-set outdegree of point x, bod(x), is the number of
arrows emanating from x to other points in other constituent sets
in the item digraph. As an example, bod(rl) - I for Figure 1,
because only one arrow emanates from rl in set R to points in the
other sets S, T, and Z. Tlat one arrow indicates an inference
from response ri to rule ti. This index of bod will be crucial
in defining the 4uantitative indices associated with the first
two properties of the dense item.

Two Properties of the Dense Item
The first two properties of a dense item are response

interpretability and response discrimination. In the subsequent
sections, each property and its quantitative index will be
described. In addition, an example will be provided regarding the
computation of the index.

Response Interpretability
A test item has response interpretability if each response

to the item is interpretible by at least one rule. An index of
response interpretability, Ii, indicates the degree to which an
item has response interpretability.

In order to define II., the index of response interpretability1
of item i, it is necessary to define Ii , the index of response
interpretability for response j to item ij. 11 i is defined in the
following manner:

II.. = 1 if bod(r.) > 0 and (1)

0 otherwise.

II is then defined in the following manner:
k

Ili = F-1../k with k being the number of responses to item i. (2)
j=1 3

To exemplify the computation of these indices, let us
consider the following item involving the item stem "2 + 2 =
the responses "4, 0, and 8", and the rules "a + b = ,
a . b = , and a - b = ." With this item the correct answer "4"
is interpreted by the correct rule "a + b 

=  
" and by the

incorrect rule "a . b = ", the incorrect answer "0" is interpreted
by the incorrect rule "a - b = ", and the incorrect answer "8" is
uninterpreted. Figure 2 depicts the refined item digraph for this
item.
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Figure 2: Refined item digraph of an item with three responses.

r r1 (4) tlI (a + b )

s (2 + 2 )- r2 (0) t2 __)

r3 (8) t3 (a- b __)

The index of response interpretability for this item can be
calculated in the following manner. In this item, k = 3,
because there are three responses to this item.

k1, 2 .Il ij /k
j=l

(lli + 
11

i2 + 11 0)/3

= (1 + I + 0)13

= 2/3

= .67.

The index of response interpetability for this item is .67
which indicates that 67% of the responses to the item are cognitively
interpreted. This value is quite high and would very likely be
superior to the indices of response interpretability of most other
items. Most items have little response interpretability and thus
have little diagnostic value.

Response Discrimination
A test item has response discrimination if each response to the

item is interpretible by only one rule. The index of response
discrimination, 121, indicates the degree to which an item has
response discrimination.

In order to define 121, the index of response discrimination
of item i, it is necessary to define 12 , the index of response
discrimination for response j to item 1. 12 is defined in the
following manner: ii

12ij = /bod(rij) if bod(r ij)> 0 and (3)

= 0 otherwise.
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12 is then defined in the following manner:
k

12 12 ij/k with k being the number of responses to the item. (4)
J-i

To exemplify the computation of these indices, let us apply them
t-) the item depicted in Figure 2.

k
12i - _ 12/k

J-1

- (12ii + 
1 2

i2 + 1
2
i3)/3

= (1/2 + 1 + 0)/3

= 1/2

= .50.

The index of response discrimination for this item is .50 which
indicates a modest level of response discrimination for this item.
If a response is either uninterpreted or is interpreted by more than
one rule, then that response does not discriminate well among
cognitive rules. As the number of rules which interpret a response
increases, so does the degree to which the response discriminates
among cognitive rules decrease. That condition is reflected in the
formulation of equation (3). The index of response discrimination
is an item discrimination index which is concerned with the degree to
which an item discriminates among cognitive rules and not ability
groups as is the copcern of item discrimination indices of
conventional psychometric theory.

The Promise of Refined ltem Digraph Analysis
Refined item digraph analysis provides a psychometric system

which can be used to evaluate the extent to which an item has the
dense item properties and thus has diagnostic and prescriptive value.
This approach to item analysis involves ten dense item properties and
has been developed by W. Bart. Refined item digraph analysis also
provides a way to evaluate cognitive theories and instructional
theories. Although only two dense item properties are discussed in
this paper, it is hoped that these two properties and their
quantitative indites can be used to evaluate the diagnostic values
of existing items and to suggest areas of item research which could
lead tc improvements in the diagnostic values of test items.
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Test-Item Readability: How the Variables Work
R. Eric Duncan, Captain, USAF
University of Texas at Austin

Introduction
In 1981, Duncan proposed a model of test--item readability which

incorparated item, examinee, and environmental characteristics. These
chatatcristics interact to produce the readability level of an Item.
D,n..I (1981) , !,w.._, I :.t ed a -:I id tii . : ti..I framework from which
tU '11 the sacraantl : '!:yntsct ic comiponenits I E. -_1 to ita.
rd " - correct that deficiency Duncan adapted Kintsch's
(I-'1. rrPnsitionl approach to text-based readability to multiple
,hocce test items. This paper will briefly describe this adapted
approach, describe the most critical syntactic and semantic variables
... predict itema readability, and present initial results in the
attempt to predict item readability.
Semantic Variables and Kintsch's PrspoAti..:! Theory

Tht variab!.a deccribed here can be grouped into four distinct
a -as: seranti: variables, syntactic variables, a cognitive load

ai iablv, and measu-s of prior knowledge. The sernantic variables
in ,lude propositional d.nsity, operator density, argument density, and
propositional 2 '! Th'-. e sblos in this area ate directly related
to kLi.l " 't"74' propositional app... *.isn of me..ory
in _aeritantic meitory and so a brief explanation of that thcr 2 I:. in
o der.

! xi''s (1974) semantic approach to r--ading and processing
textual raterial focuses on the proposition. Kintsch and Ke.nin (1073)
point out that sentences read from text are not stored verbatim, but
r. hei as propositions. Propsitions _ are word cn,_aptL -ombined ta

logical set of lxical items and contain a relation usually a
verb' and I argun.eat ,., ,, . -'tio, pronouna). These
prepo sitions are put together in a logical manner, establishing a
,prc cnt t on ! the text, 1nown as a text " :e, a' memory. A text

t_-,-,a is5 ximpl' "z n li 'rad ziat ef pr -p:.ilta cs" (Vintech, 1974, p.
13). To obt-in this list of propositiuns, the text must be
semwantically analyzed. Propositions, which include relation and

, 'a, ate ti--n abstracted beginning with the first sentence.
', fore dcscr ibiry V , 7:..t , .- :.tvuctisr process, relations

and argumuents need to b. described. A rzlation is a word concep fri-t
tt _ taC ly a word) which des~ribes action or 2. , L'n. at!
normally appears as a verb, adjective, ziaarb, o- noun.

John shceps (SLEEP, JOHN) (I)
Mary be! a- .' (BAKE, MARY, CAKE) (2)

In example (1) from Kintsch (1974), SLEEP, a verb, is the relation
describing some action that is being performed by the argument, JOHN.
Fillmore (1971) established semantic rules for arguments. Arguments
must beL an agant, expzr: ancer, instrument, object, source or goal and
cr. structured in that order ,f irpcrtance. In example (2), MARY is
the agent that BAKErs) the object CAKE. Propositio.ns can aw-, a

a , L',. C for other prop-' it lans, as wel1. In example (3),
If Mary trusts John, (TPUST, MARY, JOHN) = a (3)
She is a fool (FOOL, MAPY) r b

(CONDITION: If, a,b) = c
the proposition "c" his propositiuro emb:dded in it ,. ,, .eflts. This
feucti,, , . -t whun building text ba asc , since it is more
economical and requires less itrnsry spa . than -creafing now
propo.tions that had been processed earl ier.
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Levels and Operators Cdf tx ae r
- - r' tonI features In th K A et ae r

prese-nted - ,' -' .The fira:t foature is that of the level of
propositierms. "Am proposit-:n is said tc ba subiordinate tc :a -

*- Lontait. ar' _rgurmant that als;o appears in the first preposition"
0I int-ch, et 21., 1975). Subordination can occur, as is most often the
.ac-2, immedciately alter the 5uperordinate proposition in the, text base,

Ccr.ocsur gmuchI later In thme teAt base, as It- .t' m
propositions being used as arguments for other propositions. In
e\olripl e (fl), subordinat- -,,. ;_:2.. _Led ty the indenitatienl of
pr opositiorns "b" and "c". Indentatic,,. 'A pm oposifLi ans is a convention
Cet Zbl I :3'L! , Kiitsch ar.d was used in creating itcm. prctacals.

flic se.-ond .rmiportant !ectur - zhow..n :n z .aspl : t-' is that a!
o perators. Operators are miechanisms which roquir- irfcrerre- on the

p-r th- -coder. Simply, opo-ators da-. n(.. ztste an explizit
ci at eons"ip among propo-i ti ens, but rather chl1 .tIlhic '

_btain :r -pI' t : a: -i .. , _. .tsat i on. Operet nrs. can
al 5'-I:ci it' :d as taxingq memurt -p-- end reqoi r :.r.9 imemor scorches

atx and h- . r._-puate previou-ly encount.. d
ptrupositicus . 7I,-, iniclude: £r'-:2ltty, Contra7diction, Part, T.rre,
L's'atorm, Condition, Conjunction, anz! Purpn_:e. T:,e operator would

:mlyappear in the listing of the te, tL .- a, . .. 2 1 !- t he "C
p ro p osi t io n. One -additional operator (MATCH) has been created that was
niot incrluded in Kintsch's operators,. This operator identifies the
cognitLive opc'raltion of matching the propositions in the Ite
,cl1 erriatives to those propositions stored In seine'
Emtpirical Evidence in Support of Kintsch's Theory

M:'tt tV., basi c conc'sp ' , ':.s 'a t~vory hc've h-.en
do' I.,. -' -,,tion pr ovi d.s *., ->,I. i :-. - avi denca eWiIch Sotpp.e' t.

th,- uoritcnti-_'n that tea-t items, are brol en down into logical semanti'-
unii L (pr opc'ai ion-) before storage in irimory.

inshand Mlont r1972) demonstrated that esper irmentalso ct
stored text m1aterial 1:. t'..: mannier, regardless.; of the synta,_tic_
cerrplv'it,> of I!'. t- t They found th:t , -a:a1lly _ouplex

pergr~h~taM1 lojnger to r,,I hb0 that w'n~ at, rim: signi fi-ant
dxF c' ncsin the number of pr opesitIion:- recalled. 'initz,-h and- Mril

soo% gL Lh,t t 'At IS not , _Pr.-rnt., :, It-ti:.lly in nrom::Y, but
r tI - tn t~' iz en p Y . -nt,!omrttically in) rrgttc~ os his,

'.iIn':Ulpp)rtS the :ontert.. ,s'__ u'aiI:n
and : a_,r 0 d in -

z: ii-,: n'tACnan r 1073' c~ai .:nod the- effect on r,:eadi rig Li.-_-
-'I _^ the nursbc-r of propositioms arid thc level in c ,ti f Li'.

rp, stjns The lengtth of sertencas (toLal nab I- -. 2', . a-nd the
1U114r L, c_ f I-n 1'pesi ti .ns I t hey e ;utei 1ne d wt' r e -i:ovar i ed. This appr 'each is
bevttor lnu.wni as, propos.itional density, i.e., number of
pr UPOSILL. UMCI .Juurb-r wards. The levz-ls A re:.tfn ware ct
var I ad. 1'i ntscir arid hcerin found that, if reading I ir'.e was l '..-A

pr'epowetic'nal density significantly affeu-tt~d ra :'I1 ot.. They as
demionstrated that cope adiat propositions were recalled better than)
subordtiate praposit~ornz. TI. flnicg was, later Supported by t inte.ch,
cZ a1. (1375). T,z-o rsult :an be rc- :ac-Ily, explained by re f-rrn-:n
b-Ael to Acmiple (3). Proposition "a" is a supererdnate proco''1-nn
''hi le propositions "b" and! "a" are2 sttbLrdi ate, to "1a'. V'intsch and

eneand Kintsch, ct! a). have shown that pi opos' ". _"a" h
probabi it, 'A1 re -- I' thin pi.,-' I' "? 3.._ 1 -m11.

-' , I:' dit: t:t) sLupper Ling Ur.ctlt of -iiai nd McI., 11972)
- 's~ I ea: "Y , Vntwich, el 31., (1975) -1-w. C~Aihi'
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'he effects ft':t t!u numbar cf d-iF'-ent word concepts (arguments'
i.uld have on recall. Results indict..d that the more frequently a
wC," :cncept (argument) is repeated in the tsxt, t.- b. !. '. i -
remembe ed. The authors also showed that, as the number of different
arguments increases, reading time increases and recall decreases.
Kintsch, ct al. suggested that the history paragraphs may be easier
than the science paragraphs they used because they contain prCpOC-tiont
that ":r: :lr dy part of th :ub;z:t:' g.:cral knuwledge" (p. 209.
Variable: of Interest

Expet imental evidence hz- i.h:. " propositIu ,al Ji,: t, 'i
piopositions/# of words), operator density (# of operators/# of
propositions), argument density (# different arguments/# of
propositiois), and propositional level contribute to reading
comprehensi on. The hypothesized relationship between propos?" .

-'D' and reading comp,ehenzior. scores in test items was that a,
,2D mnceased (more propositions per wcrd), thc rc.d.ng sccr- neccasary
to understand the item would also inciease. This is -Iso Ir',: for
operator dvnsity (OD), arguc.ct dc:,sity (AD), a- 2 r poc.tcal level
"L).

Syntactic variables fro,. Duncan (12,1I) -" -luded in the
1't.,,.t. I I -',bility. Centerembeddedness, a modifying

word or pt,'-: -. ted b..tseen the s.ubject and predicate of an iter,
has bea:n shownl to .ake text l esz !p -,.&:..; pra.sent (La'.bert
and £:cgcl, 1971). A modif '., r r:__ that precedes the subject of an
item is I[nown as a left-hrah, h',raa s. A phraL. hich f-llows th
predicate of an item is known as a right-branched phrase. Schwartz, et
,2., 11970) iwed that 1eft -branchd phrazoL raducked the
:cprc hensiba 3. - 1.t while right-branched phrases had no
awk - z ffe-_t on comprehensibility. These three variables, then,
,ovlititute the syntactic element of test-item readabiity.

There are twc othc- _emrtt that contribute to the prediction of
iter,. i.ad.bi I t y: (1) ,.e:sur-o= of prior i'n- 'dldga , and (2) cc,-:- ti\-
I,ad. Kintsch and Vipond (1977) suggest that prior knowledge ,:,uld
ehan.ce , percon's ability to extract meaning frnr, tc't. Thry itd:catc
that the best method to assess prior knowlcdjz is with a vocabulary

t ords used it, The text materie-l myii.q d T'.i_
di 2:i .t'-J, ,n the presint :tud,, t- f.pvs-iulv to apply c: n-eM.
'-J -,,d .,ubject data had ', t-l 1, om historical data fila.
Substiult,

% 
,-aa-anez :nc-"2: J,,n and uncrw, - -. f

urcorron w- -- t! (UW) is determined by com.iaring A! crd: in an item to
' nr'jmn Word List compiled by Vit,cad, c cl.., g1920u. 

T
hIs list

.t.ins the 20,000 most common words used by enlisted Navy personnel
with a 9th grade reading ability. After comparison, these words not
app.a ing in the list are compared to the text referet.c-e material to
trternat.: • 

if they are sufficiently explained. If there is no
c',ilan:t± .,-: ht mliou gi ., the wo..') . czu ad a-r cit. ler;.
Th second variable used to as i .r . I .. .-_ jargon. Jargon
is bas.ed -i, h -, .... t cf the item cl,,. :- ycn words, such as
CBPO, grade, and MAJCOM are not ,sommoi to the general public and are
specific to Air Force personn l. The jargon variable is expected to
onhan,.c readability since the use of jargon is corumonly used in the
militai y to comrmunicat r .c-.tly compl., tnar,,es or phrases in a
succinct rmatner. Tht v.. A to measure ,,.gnitive load is
Bloom's Tacnomical Levl 'Bloo:s, -. ., 1956). This variablc
indicates the cognitive activity necessary to read and answer a test
qurstieni ,tkd includes; the foll : irng level: (1) rotc memory, '2)
,.orprc~h~c: ,, (3) application, (V1 analysis, (5) synthesit:, and (6)
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evaluatoion. Raters will erl. - th.l. variable and
indicate , ,..

Th -.f .r.terest, then include four semantic variables
adapted frum Kintsch's propositional app. -. , t' - , -yntactic
;a: icbI cS, two measures of p -- .;..ge, ,nd a variable to assess
cognitive load.

Experimental Approach
One hundred multiple-choice items from a commonly used Air Force

teat .- t- ... iotted on the variables Lf interest by seven trained
raters in a counter-balanced fashion. The data was reviewed by the
author to insure ac,.uracy. Twv tha )uL.id -xaminees were randomly
selected and thei, Armed Scvites Vocational Aptitude Battery scores
w-.: uaed to detzrmin each examinee's reading grade level (PGL). This
was -. n--Drmpl:ched using -cgrcs:on equations provided by Madden and
Tupes (1966). The PGL of the 25th percentile of all examinees
answering tach item correctly was assigned as the FGL for that item.

The P6! and ; lu- e.' -- m were used as the dependent
var ojbl z. ., fuit, . .-: -1, .:.. Pcgr. .sion an;-.lyses were pv, formd ".

d i,ne if statistically siyt.i fheant equations "- prediLt test-itnt
.adability and item difficull' ._uld be produ- 7... ,- ion

approachc: -::re attempted - all poss:bl subsots regre:n:,n arnd
stepwiLue multipl~ :ncor regression. The independent vazriablsv wert
the item variatl L ,. .... - _ribed.

Results and Discussion
Frequency analyses showed diversity artong predictur variables with

the syntactic ,.ariables providing little variability. This occurred
because the itemis evaluated were relatively syntactically sintpl:.
E2jL',-thr cc pe-ct -f th. tart had n: centeremrboddad phrases; and
stve,tty-eight p: _, :1 1t.ft-branched phrases. PB did show a bit
mcr variability wt! a rz'; .- 0 t L right-b. . phrases, a miean
of 1.92, and a standard deviation of 1.73. Seventy-nxne percent of the
items were evaluated at the rote-mentory level of Bloon's Taxononmy and
nittety--si, pt, ,ent -.-f the itemys wert at or below the application
level. Forty-seven percent of the. items :it.t...1 . least one jargott
word with on it:, - : .... -1: different jargon words. Since these
it rni were writt--

, at a ra-latively sirmple level, only sixte:r p~rcent
of thes cwntained One unconmmon wet d, three percent with two, arid ine

,i th thev we uncon.nron words.
The serotitic variables scernd tc h,', riore normal distributions

with acceptable rteans and standard deviati,_. T, -" , , - 'tn shown
below pr 12 " .. , tandard deviations, vari. " J.. utber E

.T muij be r.ramberad that, except for propositional
level, thse data are proportions, with a range of 0.00 to 1.00.
Variable X S.D. Var.anc- N
Pra positwtizl Dtrit, .609 .160 .026 100
Oprator Density .5(', .100 . .01 l 100
Argumen~it Detrsr t, .583 . li1 r.1 100)
Propositional Level 5.430 1.183 . 100
Thtse variables provide the most variaL~llty for u~c L~i c: .t,- aJ
regressin j' all th. -urdcpzndent variables.

The 25 percentilc RGL critti:n vc,icblc had 1t: range and
aiab llb ty than .nti:ipatLd. This vo-,":ble had a i.,:sr; of 8.016,

stamdard deviation of .123, and a range of 8.691 t, 9.356. The item
p-value :riteri n had a Pean of .470 and a standard deviation of .2063,
with tite rmast d, rficult item being .08 and the easiest .90.
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Evaluati . ' V - i ei , an ctrix is made with a O.0 lO 'A -f
significan.e ii. mind. ,':"c of the correlations arllc 'g the syntactl..
varia2..- 'CE, LB, and RB were signifl.at. T:i,- is most likely due
! . ...... ' . iability in CE I:, L.. The relat;cnships of the
syntactic vari.ables and thL rnea.urc of prior knowledga -,re als
insigni fic.nit. !-'wc .- , the correlation of -. 19 between jargon (jA
and uncommon words UW) was significant at p=.06. If the thecr-ti-n!
relationships between these variables and comprehension are true, the
negative relationship indicates that jargon aids in item comprehension,
whi 1 e Utnommor words hinder.

Th: crlt'.wns b t ynt.ctic arnd scmuAnt. variables: tended to
support anticipated relatiI:nsh'-. lb rh atien between
propositional dzzt.,it) Cr- -- ,d PD -r-.'2,p..'M

"' :ndic~tes that as the
number of propositions per word increases the frequency of
right-branched phrases decreases. This finding is logical, in that,
high PD values usually occurred ini items with few words. The
propositional level (PL' f . , LeA r often shows modification within it.
PD also indicates modifying phrases-. T-. - I. - -n- relationship should
and d,cs st. Surprisingly, ,perator density 0D) has a positive
-orrelation with LB (r=.23,p'.0'. This result indicates that as the

num.ber of operators incrcase so does the number of left-branched
phrases. The only explanatin. th author can provide is that OD, like
LB ray..........: I_ - ,omprehension as its frequency increases.

Th. "r F o ns among the ser,,artLi. , . . i'. that
argunent density (AD) has stronger relat ic'roslipsz .th the othce
seranti: variabl.-s than does PD. This may be a function of th. lack of
I.- in PD. The OD variable relates negatively tD AD which
reinforces the previous observation about 0D erv- .Zl,p.O01),

The regression analyses were disappointing in that the P-' values
a,__unt fr little varian,- . in the stapwiz, s.ultlpl: linear
regvrLtion analysis with the 25th per,.entile RGL as the criterion, only
three variables contributed to A :..n ' t -i _g ir the P2 

- PB, LB,
ind lor,'ms Tz "ncrx,-y. Tb - regrzsin equation with these var i Ahlcs
in "L' ..d r r i[I P' of .231 lnd ,n P2 of .053 with at r of 1.75
(tnonsigni ficant i. When stop',:isa reqrssion was useJ to pr--di,~t item
difffiiulty, different tndepJn!W ,va: . .::trlbuted to e vplained
v-r..::' _. The'. variables, J-r,,Jn, P, anld On, , o f I - :uib.l4. P
of .232 and in- r' ,f .054, wit!, , F -.,f 1.17. The all 1w,. ble
-zgresin-- an'lysis, using P' a-, the ,lction criterion, piodu -cd
almost identical results.

UI, ncit., 7 the analyses with either criterion variable
produ,-ed a significant P2, they do point out sorte possible trends. One
of the lore interesting trends is that syntactic variables tend to
pi dict PiGL better thaln z-mantic variables and prior Lnowledge, while
za~intic variabl t. and jargon tund to predict it. , ;-values better than

.. -thar variable-. 'T: au,th-r bcliove.: that measured PGL (or
Qtotimated in the case of the criterion variable used in this research)
ray r, veal hejw an item is put tugether anid not what it is asing. For
example, a person with a higher PL may be better able to grapple with
,cmplex syntax And c,-id .',. type of infrriat ion is being sought
(rote, application, etc.) r,:ie easily th,,:. -, , : ,vIdul with a lower

P3L.. Thi's then allz-ws the bctt-:-r reader to get to-, the meat of the
questiun and start matching thv propositional maleup of the ite, with
what is stored in meric.ry. The predi.t :n of item p-valuos by the
'er,antic vriables and jargmn :idicates that item difficult) results
from the closeness -,f lI. '.- et .- ,"th propositions in the iterr
and prcpositions stored fly '!. " , 2..t was obtained through
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the stady reference. material. Test items, then, should be

,,ntz-ti-illy simple anid provide propo!:itions5 as similar to those in
the reference material as possible.

There is, howvo , iore to test-item re.adability than just tire item

.harac-ter ist ics. It is. possible that the examinee controls the
majority of the variance in itcs readability and that the items

themselves c:an be massaged only so much. More items- with, gruater

variability in their characteristics need to be anazlyz-t2 ee un

if this .-orclusian is valid.
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A COMPARISON OF SERVICE JOB STANDARDS FOR FOUR MILITARY SPECIALTIES

Brian K. Waters

Human Resources Research Organization

The U.S. Military Services (Army, Navy, Marine Corps, aid Air Force)
enlist over 300,000 new active duty recruits each year. The Services use
numerous criteria, primarily aptitude composite storps, to assign a recruit
to one of the hundreds of Service specialties.l It would seem reasonable that
aptitude entry requirements for similar jobs across Services would be some-
what similar. Armed Services Vocational Aptitude Battery (ASVAB) composite
score entrance requirements for four different kinds of jobs across the four
Military Services, (Radio Operator, Jet Engine Mechanic, Artilleryman, and
Administrative Specialist) are analyzed in this paper. Entry standards for
each specialty are shown as well as the proportion of the national youth pop-
ulation who meet minimum scores for each specialty/Service. Service recruit-
ing goals for FY 1986 for these jobs, in terms of desired distributions of
AFQT scores, are discussed along with their relationship with the minimum
standards. Similarities and differences in aptitude level requirements
across Services and specialties are examined tor their implications for man-
power policy,

SERVICE DIFFERENCES

It is important that the reader understand at the outset that the iili-
tary Services have distinctly different, Congressionally-mandated functions
which affect the kinds of skills, knowledges, and abilities that they need to
fulfill their respective missions. The Army and Marine Corps, for example,
have extensive ground combat responsibilities which are quite different from
most Air Force and Navy specialties which tend to be more technically orien-
ted. Certainly the environment of a ship is very different from an aircraft,
tank, or infantry foxhole. Even for what is ostensibly the "same" job, such
as aircraft mechanic, the particular weapon system may dictate a quite dif-
fprent mix of abilities for job incumbents. These job differences, and the
historical, cultural, and organizational traditions of che Services dictate
that each one set its own classiflication standards. The Services have had
long-standing research progranms to validate their standards, generally based
upon the statistical relatiunship between aptitude test scores and perform-
ance in military training. More recently, the Service personnel research
laboratories have been trying to validate their selection and classification
procedures against actual on-the-job performance -- a far more difficult,
though also more desirable basis for the establishment of minimum aptitude
standards.

1
A generic term "specialty" is used in this paper to denote occupations
across Services, includinS Navy ratings,2

Paper presented at the 27th annual meeting of the Military Testing Associa-
tion in San Diego, C , October 24, 1985. The opinions expressed in this
paper are those of the author, and do not represent official DoD or Service
policy.
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SELECTION OF SPECIALTIES FOR ANALYSIS

It was desired that a sampling of military specialties be used to pro-
vide a broader examination of Service classification processes beyond a sin-
gle job. Several criteria were used to select the specialties for analysis
from the hundreds of Service specialties. First, candidate specialties had
to be part of the 32 occupational specialties being investigated in the
Joint-Service sponsored job performance measurement (JPM) project. Second,
specialties with cross-Service equivalent jobs were sought. Third, a repre-
sentation of mechanical, administrative, electrical, and general specialties
was desired. Fourth, at least one combat specialty would be included, and
finally, specialties which had a relatively large number of annual accessions
in each Service would be most useful.

The DoD Occupational Conversion Table, which categorizes Service spec-
ialties into common DoD occupational groupings in terms of similar tasks,
provided the basis for cross-Service specialty matches. Four DoD Occupation-
al Codes were selected. Table 1 shows the four primary specialties and their
equivalent jobs in the other Services.

TABLE I Occupational Specialties Selected

DOD Occupatonl Miltary Service
Code Specialy
(Type) Data Army Navy Mi.ne Corps Air Force

041 spe¢atu Cannon Gunnar's Field And#nryb a
(Combat) Crywman Mate Bafter ymn

Service Code 13B GM 0811
# 24.925 7,482 2,21

201 Specialty Radio Teletype Radlomneb Field Radio Groond Fadlo
(Electical Operator Operator Operator

Service Code osc RM 253X 2935X
# 4,691 16.11 5,109 1,749

510 Specaty Admln Yeoman Ad,n Admin
(Admtnisatte) Sp llt

b  
Clerk specialst

Servie Code 71L YN 015X 102X0
# 24.418 11,986 4,243 27,528

901 Speclalty Alrcralt Power- Avlatilo Aircraft Power Jet Engine
(Mecwnca Plant Repairman Machinist's Mate Plant Mechanic Mecthanlcb

Serce Code us5 AD 602X1 426X2
0 840 13,340 1,122 10,620

aNo Air Force equivalent speclolty to 0o0 Occupotonal Code 041
bPrinjlry JPM project Service Spclahy

The four jobs selected include about nine percent of Army enlisted posi-
tions, ten percent of Navy billets, eight percent of Marine Corps jobs, and
eight percent of Air Force enlisted positions. Although certainly not sta-
tistically representative of the hundreds of separate specialties in the four
Services, they do suggest how a relatively large number of new recruits are
matched with their jobs.
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STUDY LIMITATIONS

The target population for this study is limited to the U. S. Military
Services' active duty enlisted personnel policies in March, 1985, Informa-
tion provided during interviews with Service and DoD policy personnel nay not
reflect official positions or policies. Data shown reflect only the four
specialties examined and do not generdlize to other occupations.

SPECIALTIES ANALYZED IN THIS STUDY

Table 1depicts the four specialties chosen for analysis across the fou7
Services. DoD has arrayed all Service specialties into categories which are
similar to one-another based upon detailed task analyses of tie jobs by occu-
pational analysts. Clusters of the specialties analyzed in this study are
identified by the DoD Occupational Codes shown on the far left of the table.
Service-specific aptitude composites are made up of three or more ASVAB sub-
test scores as shown in Table 2. It should be noted that the Services use
different score scales for their composites. Thus, comparisons of composite

TABLE 2 Minimum Entry Standards for Four Analyzed Specialties, by Senrice

DOD UNitery Specialty Specialty Clasolicadr iollon Mrwmm Percent PAY4
Code Service Title Code Compoelin1 Score Gulifiad

041 Army Cannon Crewemn i3B AR.CSnMC-MK 65 71 3
Navy Gunnr's Matt GM AR-EInG$-UK 204 $46

Marlne, Field Ardisry Banteriman 0811 ARnC$-MCnMg t0 67.4
Air Force

201i Amry Radio Teletype Oporsior 05C AS.CS.NO.PCWC iSO 51G
Nary Radioman RU AR-CS.NOWC 149 57

Mario. Field Radio Operator 253X ARnLI.G$nMR N0 665
Air Force Ground Radio Operator 29355 CSnNOnPCrWK so 42.0

SID Army Admiriolitiie Speciali 711 LS-NO-PCOWK 00 5150
Navy Yeoman YN AR.C$nNOnWK ill 304

Marine, Administrative Clarkr 8ifs CS-NO.PC+WK 100 433
Air Force Adnmisrailne Speciaist 702)(0 CSnNO-PCOWC 35 541I

60i Army Airc7eft Power Plant Repairmen 64S AS-EI-MCnNO 100 042
Navy Aniatlar Malinisie Mates AD AR.GS.EinMK Ito 644

Marine, Aircraft Powarplantl Mitchami. 602X ASnEirMC-NO 100 54.1
Air Force Jet Engine Mechmanic 42153 AS.G*.MC 30 169

SOURCE Eitalberg. M J. with iLathrop ME. A Laurence. J H Manrpower Wo Untarsy Occurpatin. (19851 Ntival Postgraduate

010.3year old mles qualifid for npecuiliy (From Profil of American Youtr Poplabor)

NOTE ASVAB Subtent abbreviations areaOs follown
AR - Aritmeic Reasoning MC - Mechanical Comprehension
AS - Aulomobne.Sirop Informaion MK - Mathemaics Knowledge
CS - Coding Speed NO ,Numerical Opmerations
El - Electronlcs Information PC - Paragraphr Comnyprenion
GS - General Science WK - Word Knowledge

721



cutting scores should not be made across Services. Figure 1 displays the
proportion of the 18-23 year old national population who meet minumttm
aptitude composite score standards for the 041, 201, 510. and 601 DoD
Occupational Code specialties analyzed in this study.

go -
so -70 "

to

~40
~30

Z 10

ANCAl A N MC A A k MC AM A W C Ml

041 "1 00M

DoD O padona Cod*

.OA*C tt .HIs

Fq.. % P..Wnt 0 N0.o P0ol M 19 23 U., 0 Wb 00( 4 SWnS
EAly 04 0940.44t En09 by 040 04Ccp.0OoI COO. on Soosi,

Table 2 and Figure 1 contain a great deal of data about the effects of
formal Service standards on qualification for these four jobs. Differences
within s-milar jobs across Services and across the four specialities are
striking. For example, in the administrative specialties (DoD Code 510), 56
percent and 54 percent of youth would qualify for the Army 71L and Air Force
702X0 specialties respectively, but only 30 percent for the ostensibly
comparable Navy rating of Yeoman. Either the jobs are not really similar as
the DoD Occupational Code suggests, or other policy variables are entering
the standard setting process. This type of inter-Service difference is
common, and will likely complicate the cross-Service use of JPII project
results. Similarly, looking at these four specialties across the four
Services yields inconsistent results. The most difficult of the jobs to
qualify for in the Navy is Yeoman; while for the Army, it is Radio Teletype
Operator; for the Marines, Administrative Clerk; and for the Air Force,
Ground Radio Operator. Of the four specialties examined, lowest aptitude
composite scores are required to qualify for Cannon Crewman, Aviation
Machinist's Mate, Field Artillery Batteryman and Field Radio Operator, and
Jet Engine Mechanic for the four Services, respectively. Certainly there are
quite different Service policies reflected in these data.
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Table 3 displays the Services' AFQT category recruiting goals for the

four specialties from a recent report to Congress. (1)00, 1985) A remarkableI
diversity exists between Services in their desired aptitude distributions for
new recru.'ts in ostensibly the same jobs. A comparison of these Servic.? re-
quirements is also surprising when Lonsldered along with the previously dis-
cussed qualification standari1s for these jobs. For example, the Navy goal is
100 percent of its Yeomen. recruits to be in AFQT Categories 1 to IIIA (the
upper half of the population). The implications of these data on recruiting
Costs dnd supply/demand are obvious, though the rationale appears less so.
An excellent discussion of these issues is available in Do, 1985, Vol.me I.
Other similar comparisons of Tables 2 and 3 data are equally provocative. in
some cases, it appears that goals may be driven by a Service's recruiting
market rather than by Service personnel requirements.

TABLE 3 Military Srvlc FY 1986 AFQT RecrlUng Gotils for Four Spoclaftties

FY 1100 Pcmort AFOY Cal.oq Gnats
0,0 Miltay Specialty Speoiftly
Cod. Swoto. Ind, Code 1-111A Ills IV

041 Am~y Coon Cnro-,,. 134 34 0 12
Nsny Guma;'$ Mate GM so 28 12

Marines Fiold Artiley Botteryman 0411 54 7
Air I=..

201 Amoy Radio Teletype Operator S5C 64 27
Ns.7 Radoman AiM 32 4 20

Marines Field Radio Operator 253X 111 30 2
Air Iot. G,oond Radio Operator 2955 0 10 0

510 Army Adnnisita~oSpeiait 71L 04 29 7
Na.7 Yemen YN 100 6 a

Mardnes Admlonistmtto Clark 015Ix 71 21 I
AU, Force Adsrdsitrato Specialist 75205 4 10 0

601 Amoy Aircraft t'owerplani Ropalmn 588 70 24 6
Navy Aviation Macidnlots Mato AD 73 20 4

Marines Aircraft Po-poti~mt Mechanic 602X 74 26 0
Al. Force Jot Engine Mechanic 426X2 79 21 0

SOURCE 000 1955

CONCLUS ION

Although it is clear that the individual Services must retain the
prerogative of setting their own classification standards based upon their
own personnel requirements, the analysis in this paper opens many questions
in the mind of the military manpower analyst, Why are there such diverse
entry standards for what are ostensibly the same jobs across Services? Why
do the Services require radically different aptitude distributions for
personnel fulfilling the specialties with the same DoD Occupational Codes?
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The questions raised seem to point toward the methodologie: used by the
Services to define their personnel requirements. As shown by their
submissions to the Congress (DoD, 1985, Vol. 1), their methods for
determining their manpower requirements are not consistent. There appears to
be a high priority need for research into estaDlishing a methodoiogy for
determining the aptitude needs of the Services based upon a defensible way of
specifying minimum requirements for each specialty. Such a methodological
breakthrough would increase the efficiency of the assignment of personnel to
specialties in all of the Services, and would provide a sound basis for
requests for recruiting and training resources to the Congress.
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EXPLORING A STATISTICALLY VIABLE ASSIGNMENT BASIS

USING ASVAB

DR. M. MARK SCHWARTZ

U.S. ARMY INTELLIGENCE SCHOOL
FT. DEVENS, MA

INTRODUCTION. The utilization of the ASVAB tests for determining
likelihood of success in MOS training is premised on establishing
minimum scores on 1 or 2 of the tests, above which a person is
deemed suitable for training in that MOS. This minimum-score
concept, in essence, states that (a) all persons above this
score are equally likely to succeed and (b) the other tests in
the battery are not essential information for determining success
in MOS training.

These two points raise issues of (a) is there a maximum score
above which a person may be not qualified, and (b) why not use
all the data collected? Although there is a range of personal
and training-environment factors influencing the likelihood of
training success, this paper addresses only the characteristics
captured and described by the ASVAB tests. The test results are
aptitude/ability indices, summarized in a profile of 10 scores.

Sample profiles are:

TABLE I

CO FA EL OF GM HH CL ST GT SC

STUDENT 1 135 147 135 124 128 122 141 138 133 133
STUDENT 2 89 94 108 88 109 95 92 101 95 91

As an introduction to this paper's direction, these are real
data, where student I (lid not succeed (DROP) and student 2 did
succeed (GRAD). Using these two for discussion purposes, these
could be called two good examples of "other factor" influence.
Both met the criterion for entrance, although the seemingly
better candidate wasn't successful. An alternate reaction to
these two cases could be that this is simply an example of
predictable and expected" classification error". However, both
of these explanations dismiss the possibility that there is a
meaningful source of explanation in the context of the available
data. Even a response of "oh my, it's time to revalidate",
although a professional response, is not the only alternative.
All three of these reactions, I contend, divert our attention
from the system, which collects a lot of data, summarizes it in a
profile of 10 scores, and then proceeds to ignore 80 to 90% of
the available information in the decision-making process. This
is not a condemnation but rather a description, and it begs the
question: does the data contain useful patterns of information?
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FOCUSING THE QUESTION. BY definition, the word "patterns" states
that the entire- profile and aggregates of profiles are to be
addressed. This is immediately different from the concept of
selecting one or two scales from the set and then fixing a point
on those scales as criteria. The assessment schema has been
shifted from looking at individual scores on an absolute scale to
looking at the entire profile collectively, and on a relative
scale.

Just as the word "patterns" did, the word "relative" signals a
different conception. In doing this, we are allowing that there
may be contributory and interacting effects of the character-
istics these 10 test scores describe, In essence, let us assume
that all the information is relevant and that what needs to be
determined is how much of each one, relatively, is present in
GRADS and DROPS. For example, referring to the two sample pro-
files in Table 1, the focus is now on the relative amounts of
ability/aptitude each person possesses. Notice that on an ab-
solute scale, case 1 and case 2 are distinctly different if we
compare their scores on any given test, and although student I
has higher zcores on every test, both students show different
patterns of ability/aptitude within their own profile. One way
to easily see this is to rank each individual's score profile--
in essence, for each individual what are the relative amounts of
CO, FA, EL, ETC,-- and in doing so, a picture emerges which
shows discrimination between these students, but in a different
context.

Ranked, with ties, the two profiles become:

TABLE II

TEST 1 2 3 4 5 6 7 8 9 10

DROP 6.5 10 6.5 2 3 1 9 8 4.5 4.5
GRAD 2 5 9 1 10 6.5 4 8 6.5 3
.................................................................

Notice that tests 4,8,9, and 10 show roughly equivalent ranks
(both high or low), while tests 3,5, and 6 are low for the DROP
when compared to the GRAD, and conversely for tests 1,2, and 7.
Note that test 8, which is used for the school selection cri-
terion, shows an "8" for both individuals, indicating that within
each individuals repetoire of skills/knowledge/ability/aptitude/-
etc., the characteristics captured in this test rank the same
relative to the other characteristics in the profile. This
analysis presents a different picture from the one seen when
looking at raw ASVAB scores. Table I shows clear discrimination
between DROP and GRAD, while Table II indicates three different
nodes of information -- one in favor of the DROP, one in favor of
the GRAD, and one "even". What is now occuring is a horizontal
and vertical scanning of"quantity of test X", and it is this
simultaneous within and between comparison that provides a basis
for "collective and relative" comparison. The question now is
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whether this is a significant and useable pattern within and
between groups of DROPs and GRADs, and if so, how can these
patterns be assessed?

PSYCHOMETRIC CROSSFERTILIZATION. Ranking ignores absolute ASVAB
value, as in the case of the ranks of test 4, where a score of
124 (rank = 2) is roughly equivalent to a score of 88 (rank = 1).
Realizing inherent theoretical questions about rank and the use
of rank means, in order to step up from talking about individuals
to groups the mean is the most convenient metric to use. Then
each individual rank can be compared to the group GRAD and DROP
mean for each test to see if on that characteristic, the
individual "looks more like" A DROP or a GRAD. The expression
"looks more like" translates roughly to does the individual look
more like a member of their group or the other group, using
closer-to-the-mean as the criterion.

The purpose of this comparison is to transform the individual's
profile of ranks, which was tranformed from the ASVAB profile,
into a profile of yes-or-no, symbolized as 1 = looks more like a
GRAD on this test, and 0 = looks more like a DROP on this test.

Below is a summary of all the transformations so far.

TABLE III

Group Status Overall
ASVAB Rank Rank Means (G=I; D=O) Classification

Drop Grad Drop Grad Drop Grad Drop Grad Drop Grad

TEST
1 135 89 6.5 2 5.17 5.05 0 1 Drop Grad
2 147 74 10 5 7.17 6.35 0 1
3 135 108 6.5 9 5.53 5.17 0 1
4 124 88 2 1 4.83 4.63 1 1
5 129 109 3 10 4.17 4.98 0 1
6 122 95 1 6.5 3.23 3.60 0 1
7 141 92 9 4 6.48 6.05 0 1
8 138 101 8 8 5.85 6.57 1 1
9 133 95 4.5 6.5 7.03 6.70 1 1

10 133 91 4.5 3 5.53 5.90 0 0

The status profiles can b- examined to assess an individual's
standing on each test. The question is how to collectively
summarize all these individual assessments. It is to be noted
that performing these transformations can contribute to some loss
of fidelity. However, the ultimate results indicate that a
viable system is operating. The answer to the question of how to
collectively assess the overall status from the individual status
indices lies in the application of a Bayesian technique for
calculating the probability of group membership. Item Response
Thcory relies on the netur.l dichot mv of an item heing right or
wrong, plus other important item characteristics. But the
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concern here is not right or wrong, but "looking like". This
Bayesian procedure takes into account each groups total "like-
ness" for each test (something like the p-value in item analysis)
and uses this information with the individual's "likeness" to
compute a probability, using all 10 scores, that the individual
is a GRAD or DROP. Despite the apparent outcome of classifying
the GRAD and the DROP when looking at the status column in Table
III, it is to be noted that these cases were selected for
demonstration, and not all cases are as clear.

AN EMPIRICAL VIEW AND DISCUSSION. Two simple tests of this con-
ception were done. The procedure was to take 30 actual DROPS and
GRADS ASVAB data (a second case had 16 each), transform the
scores, apply the Bayesian procedure, and then compare the actual
status with the classification outcomes.

The results were:

TABLE IV

Classification Classification
GRAD DROP GRAD DROP

GRAD (N=30) 21 9 GRAD (N=16) 12 4

ACTUAL
DROP (N=30) 11 19 GRAD (N=16) 6 10

TOT= 32 28 TOT= 18 14
Case 1 Case 2

.. .................................... ----- .. ................... .

Statistically, both cases are significant, with chi-square = 6.70
for case 1 and 8.57 for case 2. Classification error for both
cases are:

TABLE V

Case 1 Case 2
Grad Error Rate 39% 25%
Drop Error Rate 37% 38%

The values in Table V are rouqhly equivalent, which can be
interpreted as an indication that .the approach used operates
across these 2 MOSs, suggesting that there may be a viable basis
for expectation that it can be applied for all MOS.

Given the small samples used in this pilot research, the somewhat
high error rates are just indicators and neither a minimum nor a
maximum expectation. As sample size increases, there is no
certainty as to the expected change in mean rank, which is a key
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value in the overall process. Theoretically, if the law of large
numbers operates, all means would go to 5.5. However, some of the
reported means in Table Iii suggest that the likelihood is that a
systematic, non-random principle is operating, and the means
would not converge.

CONCLUSION. This is by no means conclusive, but rather
exploratory. The goal here was not to have error-free
classification but rather to demonstrate that models other than
the current ones used for assessing profiles of data do show
promise and merit further research. This model could be extended
to the point of realizing that all the requisite data could be
compiled and updated at each school, transmitted to every
recruiting office, and utilized to evaluate the likelihood of
successful training in a range of MOSs by simply entering an
individual's profile of scores into a computer.
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The Validity of ASVAB for Predicting
Training and SQT Performance

Paul G. Rossmeissl
U.S. Army Research Institute

l

Donald H. McLaughlin, Lauross L. Wise and David A. Brandt
American Institutes for Research

This paper is a condensation of a larger report (McLaughlin,
Rlossmeissl, Wise, Brandt, & Wang; 1984) uhich investigated the validity of
the Armed Services Vocational Aptitude Battery (ASVAB) for predicting
success in Army jobs or Military Occupational Specialties (MOS). The
ASVAB is a cognitive test battery used by the military services as their
primary instrument for selecting and classifying enlisted personnel. This
particular research was based upon ASVAB forms 8/9/10 which was composed
of ten aubtests: General Sciences (GS), Arithmetic Reasoning (AR), Word
no-rledge (WK), Paragraph Comprehension (PC), Numerical Operations (NO),

Coding Speed (CS), Auto/Shop Information (AS), Mathematics Knowledge (MK),
Mechanical Comprehensive (MC), and Electronics Information (EI). The two
verbal subteats, WK and PC, are moat often combined into a single measure
of verbal ability called VE. The current version of ASVAB (forms
11/12/13) uses parallel forms of theie same subtests.

Scores on the ten ASVAB subtests are typically combined into aptitude
area (AA) composites. Examples of these composites are given in Table 1.
The Army composites serve as the basis for assignment of personnel to Army
M09 in that a minimum qualifying score on one of the aptitude area compos-
3tes is required for admission to Army initial level training courses. For
example, the CO composite is used to classify recruits into the infantry
anI armor specialties, Similarly, the MAGE composites are used by the Air
Force to select and classify prospective personnel into Air Force special-
ties. The final sat of composites routinely in use are the High School
Composites which have been developed for use when ASVAB is administered to
high school students as a career guidance tool. Maier and Truss (1983)
have also recommended that the first four of these composites be used to
select and classify enlisted personnel within the Marine Corps.

The goal of the McLaughlin et al. (1984) research was twofold. First,
the validities of the composites then in use by the Army and other DoD
agencies were evaluated with regard to predicting success within the Army.
Second, an additional set of composites were derived empirically in nopes
of obtaining a composite system with maximal predictive validity.

In all cases the validation criterion were lOS specific end-of-course
training scores or skill qualification tests (SQTs). All of the criterion
measures were trimmed of outlie-s and then standardized before any

IThe views expressed in this paper are those of the authors and do not
necessarily reflect the view of the U.S. Army Research Institute or the
Department of the Army.
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validation analyses. The separate training and SQT data were combined
for validation analyses at the MOS level. All validities were corrected
'or restriction of range using the multivariate adjustment due to Lawley
(1943) and described by Lord and Novick (1968).

Table I
Typical ASVAB Composites

Army Composites (1983)

Clerical/Administrative CL VE + NO + CS
Combat CO AR + CS + AS + MC
E~ectronics Repair EL GS + AR + MK + EI
Field Artillery FA AR + CS + MK + MC
General Maintenance GM GS + AS + MK + EI
Mechanical Maintenance .M NO + AS + MC + El
Operators/Fcod OF VE f NO + AS + MC
Surveillance/Communicatons SC VE + NO + AS + CS
Skilled Technical ST VE + GS f MK + MC

MAGE Composites

Mechanical M MC + AS + GS
Administrative A VE + NO + CS
General G AR + VE
Electronic E AR + MK + GS + EI

High School Composites

Mechanical Trades HSMT AR + MC + AS + EI
Office and Supply HSOS VE + CS + MK
Electronics/Electrical HSEE AR + El + MK + GS
Skilled Services HSSS AR + VE + MC
Academic Ability HSAA AR + VE

Composite System Validities

Table 2 gives the adjusted validities for each of the composite sys-
tems disolayed in Table 1. Validities and sample sizes are given for each
of the nine clusters of MOS now in use by the Army. The validities were
obtained by averaging the validities for the individual MOS within each
cluster and weighting by the number of soldiers within each MOS.
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Table 2

Validities of Established Composite Systems

Army Composites (1983)

Cluster Composite
of MOS (N) CL CO EL FA GM MM OF SC ST

CL 10368 48 51 53 54 49 46 50 50 53
CO 14266 36 44 43 43 43 42 44 40 44
EL 5533 38 47 46 47 46 47 44 44 47
FA 5602 39 49 48 48 49 49 49 45 44
GM 2571 39 48 46 46 47 48 48 45 47
MM 7073 36 48 46 45 48 48 48 43 46
OF 8704 38 48 47 45 48 47 48 44 48
SC 3729 39 49 48 47 48 47 48 45 49
ST 7061 51 56 57 57 55 54 56 54 58

MAGE Composites

Cluster Composite
of MOS (N) M A G E

CL 10368 45 48 54 53
CO 14266 42 36 42 43
EL 5533 45 38 46 47
FA 5602 48 39 46 48
GM 2571 46 39 44 46
MM 7073 48 36 44 46
OF 8704 47 38 47 47
SC 3729 47 39 47 48
ST 7061 52 51 57 57

High School Composites

Cluster Composite
of MOS (N) HSAA HSMT HSOS HSSS HSEE

CL 10368 54 47 54 53 53
CO 14266 42 43 40 44 43
EL 5533 46 47 43 47 47
FA 5602 46 49 44 49 48
GM 2571 44 47 43 47 46
MM 7073 44 49 41 47 46
OF 8704 47 48 43 48 47
SC 3729 47 48 44 49 48
ST 7061 57 54 56 58 57
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The main diagonal of the upper portion of Table 2 gives the validities of
the composites that were associated with each of the nine clusters in
1983. The most interesting feature of the data in Table 2 is the uniform-
ity of the validities. All of the entries are between .36 and .58, with
the mean validity of each system being about .45. One MOS cluster, ST,
appears to be slightly more predictable than the others; and another clus-
ter, CO, appears to be slightly less predictable. The remaining clusters
show very little variance.

Identification and Validation of Alternative Composites

In order to develop alternative composites the MOS were partitioned
into clusters, based on similarity of ASVAB profiles of successful crite-
rion perfornance. The similarity between each pair of cells was defined
as correlation of the predicted criterion performance in the two cells for
the applicant sample. The performance predictions were based on ridge
roeressions, using the ASVAB subtesis as predictors. The cells were clus-
tered by adapting standard "leaf to stem" procedures. Upon finding that
tl.be results of the clustering were unstable, due to the high inter-
oorrelations of the predicted criterion scores,, the clustering procedure
was modified to use as a starting point the Army's current grouping of
OS into aptitude area clusters.

Once a cluster had been defined the nnit-weight composite with maxi-
mal predictive validity for that cluster was identified. It was found
that optimal unit-weight composites for four clusters possessed a root
mean square (RMS) predictive validity within 97% of the RMS validity of
the ridge regression vectors computed separately for each of the 98 MOS
included in the sample. The composition of these four alternative compos-
ites are given in Table 3, and their predictive validities are given in
Table 4.

Table 3
Optimal Four Composite Solution

Composite Subtests

Clerical/Administrative (ACL) VE + AR + MK
Skilled Technical (AST) VE + AR + 11K + AS
Operations (AOP) VE + AR + MC + AS
Combat (ACO) VE + MK + MC + AS

Inspection of Table 4 shows that by focusing on the most valid por-
tion of the ASVAB, the primary aim of this aspect of the research was
achieved: the validities went up. The aggregate RMS predictive validity
for the four alternative composites for their asslghed MOS is .486, in
comparison with RMS validity for the 1983 Army composites of .454. Cer-
tain members of the 1983 Army composite set account for a large part of
the difference in validity between the two composite sets. When -ompared
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Table 4
Predictive Validities of the Alternative Composites

Cluster Composite
of MOS (N) ACL AST ACO AOP

CL/ACL 10368 56 54 52 51
CO/ACO 14266 42 44 44 44
EL/ACO 5533 46 48 48 48
FA/ACO 5602 47 49 50 50
GM/ACO 2571 45 48 48 48
YM/AOP 7073 44 48 49 49
UF/AOP 8704 46 49 49 49
SC/AOP 3729 47 49 50 50
ST/AST 7061 58 58 57 57

io validities of the optinal composites for the same cluster of MOS, the
1983 Clerical composite (CL) appeared to be weak, witn a validity of .48
versus a potential of .56. Another composite Surveillance and Communica-
tions (Sc), was .ildly weak, with a validity of .45 ,ersus a potential .50.

Recommendations

A major Durpose behind the McLaughlin et al. (1984) report was to
present recomendations to the Army as to how the composite system then in
use to select and classify enlisted personnel could be improved. The
average validity of the set of four empirically derived alternative com-
posites was .48 versus .45 for the existing composite systems. Thus,, from
a purely statistical point of view the results in terms of predictive
validity tended to favor the alternative four composite solution over the
nine composite system the being used or any of the alternatives being used
by other armed sevices.

However, considering the costs of implementing a whole new composite
system, it was decided that a more favorable proposal would be to maintain
a nine composite system but to replace the the two composites which were
the major source of the deficiency of the 1983 composites. The new CL
composite would be comprised of the VE, AR, and MK subtests and would have
a predictive validity of .56. The new SC composite would have a
predictive vaidity of .50 and be made up of the V", AR, MC, and AS
subtests. The average validity of the revised nine composite system would
be .47. The Army officially adopted this composit.e system on October 1,
1984.

The gain in expected performance resulting from the change in the CL
and SC composites can only be approximated, because of the constrained
nature of the selection and classification process. If, however, the
choice were purely between assignment to an individual MOS and rejection,
application of Cronbach's formula yields an expected gain of .05 standard
deviations of criterion performance per person in the twr clusters of MOS
from the introduction of the two revised composites.
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GENDER, ETHNIC GROUP, APTITUDE AND PERSONALITY
DETERMINANTS OF U. S. COAST GUARD ATTRITION

ROBERT L. FREY, JR.

U. S. COAST GUARD HEADQJARTERS

All five Armed Services have been using aptitude measures for enlistment
screening and technical school qualification for decades. Research
consistently has shown that premature first term attrition (i.e., before the
end of one's enlistment) is related to aptitude.

However, as we all know, aptitude is only a small part of the potential
predictor space. In the Coast Guard we are interested in the possible use of
personality assessment to improve our screening. One of the major
responsibilities of the Coast Guard is to board vessels for fishing law
inspections and drug interdiction investigations. These boardings are
conducted by armed personnel; obviously, management is quite concerned that
assessment of personnel to determine suitability for armed boarding party duty
be as accurate as possible.

The nature of these boardings is similar in many respects to law enforcement
activities. For example, it is critical that the people involved exercise
utmost discipline and be able to deal with sudden stress without resorting to
the use of firearms unless absolutely necessary. Naturally, extensive special
training is given to personnel before thay are allowed to take part in armed
boarding parties in order to meet such performance requirements. In addition,
however, this is a performance domain where we expect people's behavioral
predispositions to be quite predictive. Accordingly, we are investigating the
potential of using personality profiles as part of the assessment process. A
major objective in our use of personality profiles is to improve assessments
of new recruits for their general suitability to serve and remain in the
U. S. Coast Guard.

The personality assessment instruments which we used for this study were
the Sixteen Personality Factor Questionnaire (16PF) and the Clinical Analysis
Questionnaire (CAQ). There were three major reasons for our choice: (i) The
16PF/CAQ covers the full realm of both normal traits and clinical syndromes,
2) the 16PF/CAQ seems to be the best validated instrument for law enforcement
and other occupations involving great stress, and 3) normative data show that
the 16PF/CAQ profiles are virtually the same for minorities as for
whites--that is, the 16PF/CAQ is fair for minorities.

RESULTS AND DISCUSSION

The subjects for this study were the cohort of FY83 recruits. The total N was
4,288. There were 3,544 whites and 744 minorities. Also, there were 3,732
males and 556 females. On the predictor side, aptitude test scores and
16PF/CAQ scores were obtained for each recruit. The aptitude measure used was
a composite of verbal and arithmetic subtests from the ASVAB or a similar test
battery (During part of FY83, the USCG was still using an old Navy battery).
The aptitude composite has a normative mean of 10O and a standard deviation of
20. 16PF/CAQ scores are scaled to have a normative mean of 5.5, SD of 2 and a
range of 1 to 10.
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The analysis design was a crossed factorial multivariate analysis of
variance. The three factors were: 1) Gender (male vs female), 2) Ethnic
Group (Minority vs Majority), and 3) Status (In the CG vs out of the CG).
Since the Coast Guard only has four year enlistments, anyone already out is a
case of premature first term attrition. This resulted in a 2 X 2 X 2 design
with eight cells. The criteria for this analysis were the aptitude score and
the 16PF/CAQ scores.

Since assignment to the cells of the design is by self-selection, the cell
N's were quite disparate. Accordingly, all the tests for interactions and
main effects were accomplished using a hierarchical, least-squares model. The
attrition rates by ethnic group were: 1) majority group - 16.4%, 2) minority
group - 28.9%. The attrition rates by gender were: 1) males - 17.5%, 2)
females - 25.7%. The overall attrition rate was 18.6%.

The Gender (G) X Ethnic Group (E) X Status (S) multivariate interaction
was not significant (F = 0.928, p < .575). However, the E X S multivariate
interaction was signiticant (F = 1.692, p < .013, R = .105). In order to
interpret this multivariate interaction, the discriminant function structure
coefficients (or loadings) were evaluated. The structure coefficients are
used to interpret the underlying dimensionalit) of the E X S discriminant
function. Four of the criteria explained the discriminant function:

CRITERION LOADING

WARMTH .501
APTITUDE .499
LOW ENERGY DEPRESSION - .318
SUICIDAL DEPRESSION - .311

As defined in Krug, 1980

Warmth: High-scoring individuals are ". ..personable and easy to get along
,T7 ...prefer to adapt to other people's schedules. .. .share their

feelings with others.

Low Energy Depression, "High scoring individuals report frequent feelings of
sadness and gloom- ..almost never sleep soundly or wake up full of
energy.. .have little zest for life and are worn out and low."

Suicidal Depression: "Centers around thoughts of self-destruction. High
scoring individuals report that they are disgusted wi'h life.. .entertain
thoughts of death as a viable alternative to their present hopeless situation."

The univariate interaction means for these four criteria are:

GROU.

CRITERION MAJ-IN MAJ-O'JT MIN-IN MIN-OUT

WARMTH 4.36 4.34 5.02 5.54
APTITUDE 108.2 104.3 99.2 98.8
LOW ENERGY DEPRESSION 5.01 5.77 5.05 5.48
SUICIDAL DEPRESSION 4.61 5.27 4,84 5.13

NOTE:

MAJ-IN: Majority group personnel still in the Coast Guard
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MAJ-OUT: Majority groun -:.onnel already out of the Coast Guard
MIN-IN: Minority g:,up personnel still in the Coast Guard
MIN-OUT: Minority group personnel already out of the Coast Guard

By definition of an interaction, we would expect the criteria to operate
differently within each ethnic group. For example, within the majority group,
there is no difference in Warmth between those still in the Coast Guard vs
those already out of the Coast Guard. In contrast, within the minority group,
those who are already out of the Coast Guard scored considerably higher on
Warmth than those who are still in the Coast Guard. Looking at the Aptitude
score, within the majority group, those who are still in the Coast Guard
scored considerably higher than those already out of the Coast Guard. Within
the minority group, there is no difference on the Aptitude score between those
still in the Coast Guard vs those already out of the Coast Guard. For both
the Low Energy Depression score and the Suicidal Depression score, the
interaction pattern is the same. That is, within the majority group, those
who are already out of the Coast Guard scored considerably higher (i.e.,
"worse") than those who are still in the Coast Guard. Within the minority
group, however, the difference between those still in the Coast Guard vs those
already out of the Coast Guard is very small.

So far, we have examined those criteria which "explain" the E X S
multivariate interaction. However, follow-on analyses are required to clarify
the differential status orofiles within each ethnic group. Separate analyses
of the status factor (using the common multivariate error matrix) were done
within each Ethnic Group. That is, an internal analysis of the E X S
multivariate interaction was accomplished. The primary interest in the
internal analysis was to see whether the discriminant function composite of
aptitude and personality variables for predicting status was different for the
majority and minority ethnic groups.

The results of the internal analysis indeed showed that the underlying
dimensionality of the status prediction composite was quite different for the
two ethnic groups.

The multivariate test of the status factor was significant within the
majority group (F = 8.4, P <.001, R = .229). Five of the criteria explainpd
the discriminant function*

CRITERION LOADING

HYPOCHONDRIASIS - .646
LOW ENERGY DEPRESSION - .601
APTITUDE .582

SUICIDAL DEPRESSION - .559
PSYCHOLOGICAL INADEQUACY - .534

As defined in Krug, 1980:

Hypochondriasis: "High-scoring individuals are depressed and preoccupied with
bodly aisrunctions. .. (they] feel that their health is worse than others
... feel sluggish ... and generally run down".

Low Energy Depression: (previously defined)

Suicidal Depression: (previously defined)
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Psycholoqical Inadequacy: "High-scoring individuals describe themselves as no
g or anything ... think of themselves as doomed or condemned ... learned
helplessness pattern".

The majority qroup univariate means for these criteria were:

GROUP

CRITERION IN CG OJT CG

HYPOCHONDRIASIS 4.69 5.47
LOW ENERGY DEPRESSION 5.02 5,72
APTITUDE 108.33 103.89
SUICIDAL DEPRESSION 4.60 5.31
PSYCHOLOGICAL INADEQUACY 4.88 5.51

The four personality scores noted above are clinical syndromes from the
CAQ portion of the 16PF/CAQ. Thus, a high score is "worse" than a low score.
As expected, those majority group members already out of the Coast Guard
scored higher than those still in the Coast Guard. Depression and feelings of
inadequacy seem to be a common theme for the majority group members already
out of the Coast Guard. Also, those already out of the Coast Guard had an
aptitude score lower than those still in the Coast Guard.

The multivariate test of the status factor was significant within the
minority group (F = 2.034, P (.OOl, R = .115). Five of the criteria explained
the discriminant function:

CRITERION LOADING

WARMTH - .492
HYPOCHONDRIASIS - .490
SENSITIVITY - .462
ANXIOUS DEPRESSION .395
PSYCHOLOGICAL INADEQUACY - .390

As defined in Krug, 1980:

Warmth: (previously defined)

Hypochondriasis: (previously defined)

Sensitivity: High scoring individuals are "... tender-minded, dependent,
overprotected, fidgity, clinging, and insecure. ... They prefer to use reason
father than force in getting things done".

Anxious Depression: "High-scoring individuals describe themselves as clumsy
and shakey ... they lack self-confidence, and seldom speak out and say what
they think. They are confused and unable to cope with sudden demands..."

Psychological Inadequacy: (previously defined)

The minority group univariate means for these criteria were:

GROUP

CRITERION IN CG OUT CG

WARMTH 5.02 5.53
HYPOCHONDRIASIS 4.85 5.37
SENSITIVITY 5.19 5.71
ANXIOUS DEPRESSION 5.32 5.76
PSYCHOLOGICAL INADEQUACY 4.88 5.51
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It is immediatley apparent that the dimensionality of the discriminant
function composite for the minority group is different from that of the
majority group. First of all, aptitude is not involved. Also, two normal
traits from the 16PF portion of the test are part of the composite (Warmth and
Sensitivity). Interestingly, those minority group members already out of the
Coast Guard score higher on these 2 criteria than do those still in the Coast
Guard. As expected, those minority group members already out of the Coast
Guard score higher on Hypochondriasis, Anxious Depression and Psychological
Inadequacy than do those still in the Coast Guard.

Regarding the Warmth and Sensitivity criteria, minorities scored higher
than the majority. Since tne USCG enlisted force is composed of 83% majority
members, n'e could posit that the majority group culture dominates the
enlisted forne. It may be that there is a 1:cultural clash" in the USCG for a
significant number of the minority recruits. Thus, the higher Warmth and
Sensitivity scores of the minority group members already out of the Coast
Guard may indicate those who were most discrepant from the dominant culture.

There is also a practical significance to the separate discriminant
function composites for majority and minority group members. The status
discriminant function composite was computed using two different metheds: 1)
based on the total sample, ignoring the E X S multivariate interaction (i.e.,
from the status main effect test), and 2) separately for each group, based on
the internal analysis of tne E X S multivariate interaction. Point biserial
correlations between the discriminant function composites and actual status
were then computed for each ethnic group. For the majority group members,
there is no real change--.24 under method 1 and .25 under method 2. This is
not surprising since the total sample is 82.6% majority members. However, for
the minority group members the correlation under method 1 is .17 while the
correlation under method 2 is .26. This is a meaningful improvement for
screening pirposes.

The results of this study indicate that when one expands the predictor
domain beyond aptitude, differential prediction for majority ad minority
ethnic groups may be called for. Naturally, in the wider context, the results
of one study are always tentative. Meta-analyses (such as are now done with
aptitude scores) will be necessary before any conclusions can be reached.
With all the work being done on new and supplementary predictors, the
possibility of different prediction dimensions for majority and minority group
members should not be overlooked.
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INTRODUCTION

I. At last year's MTA Conference the results of the first phase of a study
of the wastage problem in the UK Army Reserve Forces were reported in a paper
entitled "Retention in the UK Territorial Army". (Dennison and Blyth, 1984).

At that stage the .4ork consisted of a literature review which rocussed on
international comparisons of reserve force attrition; an analysis of the
available wastage and turnover statistics; a programme of interviews and
group discussions with serving reservists at a number of Territorial Army
(TA) units. The interviews and group discussions were carried out by staff

from the Army Personnel Research Establishment (APRE).

2. The purpose of this paper is to summarise the findings of the study as a
whole including the second phase which consisted of a nationwide inter,'iew
survey of people who had been discharged from the TA in the preceeding twelve
months. This work was carried out by a commercial Market Research agency
using a structured interview schedule designed in collaboration with APRE.

The aims of the survey were to quantIfy the relative importance of the factors

associated with wastage, to isolate those factors on which the TA could
realistically be expected to take action, either locally or centrally, and to
make practicable recommendations for improvements.

BACKGROUND

3. The British Army's reserves fall into two categories. The first consists

of officers and soldiers who have completed their service with the Regular Army.
These "Regular Reservists" have a compulsory liability for reserve service
on mobilisation and moves are currently underway to encourage them to undertake
a limited amount of peacetime training. They are not, however obliged to do so.

4. The second category consists of civilian volunteers (including some

ex-regular soldiers and officers) who undertake military training in their spare
time ano comprise the Territorial Army.

5. The role of the TA is to provide units, some highly specialised, to reinforce

the Regular Army at home and abroad in the event of mobilisation. The TA provides
almost 3(T/ of the Army's mobilised strength.

6. In 1981 the Ministry of Defence published plans to expand the TA in two

phases from 70,000 to 86,000 by 1990 to meet NATO and other commitments. Actual
increases in strengths, however, have not kept pace with increases in target
strengths. For example, the average total strength of officers and soldiers in
September 1984 wp' 72,041 (having fallen from a high point of 72,703 in April 1983)
compared to the target figure of 75,051.
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7. The urgent need to improve retention of TA personnel led to the
commissioning by the then Director, Territorial Army and Cadets of a study
of the reasons for high wastage to be carried Cut by APRE. The study
consisted of an element that was carried out by APRE staff and a separate
element for which a research agency with a field force of interviewers was
used. The latter consisted of interviews with 426 ex-TA soldiers drawn
from a cross section of regions and types of TA unit. The APRE element led
to a number of conclusions and recommendations some of which were reported
in the MTA Paper referred to earlier. However, rather than report separately
the findings of the national survey of leavers, all of the main findings
and conclusions from the study as a whole will be reported briefly.

RESULTS AND CONCLUSIONS

8. The question of whether tne current 30%. annual curnover is an unreasonably
high figure or is capable of being improved upon significantly was examined.
The element of turnover attributable to voluntary wastage cannot be measured
accurately at present. This is due to inconsistencies among units in
categorising leavers and in some cases, ignorance of the real reasons for
leaving. It would be more difficult still to estimate how much voluntary
wastage could be prevented by remedial action by the TA. However, in view
of the similar turnover rates experienced by other countries' reserve forces
and the consistency of our own turnover over the years, despite major improve-
ments to terms and conditions, we conclude that no more than a modest
improvements can be expected Irom action likely to be at the disposal of the TA.

9. The available statistics on strengths, wastage and turnover can be mis-
leading. Strength figures include a high proportion of soldiers who have done
no training nor attended camp for at least a year but have not been discharged.
Discharge categories used to describe types of leaver are not used consistently
across units nor within units. It was recommended that more informative
monthly, quarterly and annual statistical breakdowns should be produced and
that firm guidance should be given to units on the use of discharge categories.

10. The results of the Market Research survey were in broad agreement with
those of the APRE interviews and group discussions. In the survey of leavera,
when asked for the single most important reason for leaving the TA, 33% gave
job pressures, including a changm to shift work and related financial problems;
23% gave the harmful effect that the demands on time had on family and social
life; 27% referred to inadequacies within the TA such as lack of action and
boredom; 7% gave physical demands or medical reasons; the rest gave an
assortment of other reasons.

Table I gives a breakdown of respor~es to the questions "What is the
single most important reason for not carrying on with the TA?" and
"What other things helped you to make up your mind?"
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TABLE 1. REASONS GIVEN FOR LEAVING

(What is) the single most important reason why you didn't carry on

with the TA?

What other things helped to make up your mind..7

TOTAL* MOST IMPORTANT OTHER
REASONS FOR LEAVING REASON FACTORS*

1l

JOB/MONEY 48 33 15

Demands of job 18 15 3

Change to shift uoiik 16 12 4

Employer pressure 6 3 3

Not enough money 8 3 5

SOCIAL/TIME 46 23 23

Took too much time 16 7 9
Travelling time 5 2 3

Too many weekends 2 1 1
Affected family/social life 23 13 10

'INTERNALI REASONS 47 27 20

Boring/lack of action 22 13 9

Discipline too strict 1 1 *

Discipline not strict enough 5 3 2

Didn't get skill training 6 3 3

Objections to higher ranks 5 2 3
Didn't get promotion 4 3 1

Equipment inadequate 1 1 *

Didn't like unit 3 1 2

PHYSICAL 10 7 3

Physical demands 5 3 2

Medical 5 4 1

OTHER 17 12 5

* Reasons for leaving were provided by respondents, therefore, these

columns do not add up to 100%.
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11. Pay and bounty (ie. annual payments contingeat on meeting a minimum

tr.ining commitment) were not perceived to be as important a contributory
factor in wastage as migLt have been expected. Very few rated an increase
in bounty as an improvement likely to improve retention, though its effect
on recruitment and morale is likely to be more beneficial. A substantial
increase in bounty or an alternative major financial inducement would be
needed to improve retention significantly.

12. The quality of the training in the TA did not appear to be a major
cause of wastage or dissatisfaction; the organisation of training events,
however, particularly the frustration and inactivity caused by
cancellations and delays was mentioned frequently.

13. The supply of modern equipment for training appears to be patchy but,
on the whole, was not thought to be a major problem. Personal clothing

and equipment allowances were cr'ticised. Although it is thought unlikely
to be an important factor in wastage, the cumulative effect of such minor

irritants should not be underestimated.

14. The quality of both TA and Regular Officers and non-commissioned
officers was considered to be reasonably high. The crucial importance of

energy and imagination in the contribution of Regular training staff was
stressed.

15. For those receiving supplementary benefit (ie. a UK welfare payment),

and declarirg it to the Department of Health and Social Security (DHSS),
TA pay can result in benefit (and linked payments such as rent allowancc)
being reduced or eliminated, causing considerable resentment. Ignorance
and rumour can make matters worse. More effective education and

counselling for the unemployed TA recruit is recommended. A recent
increase in the concession or "disregard" allowed by the DHSS from £4 to
C8 per week may ease the sense or unfairness felt by those affected. The
effects of this increase can be monitored and, if a problem continues to
exist, the MOD will no doubt resume its efforts to persuade the DHSS to

take a more sympathetic view.

16. Many leavers do not make a posative decision to leave. A temporary
absence may be extended indefinitely through embarrassment, inertia etc.
A more nersonal sympathetic follow-up of non-attenders (visits, telephone

calls etc) by TA staff may reduce unnecessary wastage of this sort or,
where this is unsuccessful, would improve the unit's knowledge of the

reasons for wastage.

17. In the survey of "leavers" those who had stayed the longest tended to
be olaer and more likely to De employed, married and to have children. They
are slightly less likely than short stayers to have left school with academic

qualifications. They are also more likely to have been members of uniformed
youth organisations such as scouts, cadets etc. and to have had relatives in the
Regular Army or the TA. This profile is of interest but of limited value in

selection since the TA is unlikely to be in a position to reject suitable
applicants on the basis of such factors.
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18. Respondents were presented with five possible changes to terms and

conditions currently under consideration (see Table 2). Nearly half
said that one or more cf the six would have made them less likely to

leave but only the proposal for fl'xible terms of service (ie. the
opportunity to earn some bounty by fulfilling less than current minimum
commitment to obligatory training and annual camp) were regarded as
particularly persuasive. While recognising the drawbacks, on the

evidence of this study, we supported moves to increase flexibility in

appropriate cases.

TABLE 2

POSSIBLE CHANGES TO TA TERMS AND CONDITIONS CURRENTLY UNDER CONSIDERATION

1. Splitting the bounty to allow payment of at least £100 as a bonus

for attending camp, payable at camp.

2. Raising the third year bounty from £400 to, say £500.

3. Raising the first and second year bounties much closer to the

third year bounty, say £300.

4. Issuing Rail Cards (ie. allowing cheap rail travel) to members
of the TA similar to Student Rail Cards ie. for a small annual payment.

5. More flexible terms of service for the trained soldier t allow him

to stay in the TA and qualify for some bounty for a lower training
commitment - perhaps, an 8-day camp and a total of 15 instead of
27 days.

19. This study examined the wastage problem at a single point in time only.

We concluded that there is a strong case for instituting a regular survey of
currently serving TA soldiers and/or leavers in order to provide an up-to-
date assessment of prevailing attitudes (and trends in attitudes) within the TA.
This can in turn be compared to wastage rates, changes in terms and conditions
and to external social and economic factors to provide more of the information
needed for effective policy making.

20. Generally, the efforts made by central and local TA management to
maintain the high qudlity of its internal operations and its relationships with
the outside world were evident. Two suggestions for bringing the less effective
units up to the quality of the best were:

a. Examine communications within the TA with a view to improving
the spread of ideas and best practice.

b. In the overall evaluation of each unit's activities, which

currently focusses on training effort and adminstration, an

assessment of factors suuh as liaison with local employers,
induction processes, and local efforts to reduce wastage

should be included.

21. Local efforts to liaice with employers should be reinforced by a central

initiative to educate, involve and organise employers.
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SUNNARY

The study led to the following conclusions:

a. No dramtic improvement in the turnover and wastage rates
from the present levels can be expected.

b. There is no single cause of wastage; job and social
pressures, perceived characteristics of the TA, and a
number of other factors all play a part.

c. No single measure will significantly affect wastage but
a number of actions will improve the situation. These
include greater flexibility in training commitments,
the follow-up of non attenders, avoidance of inactivity
during training events, counselling for the unemployed
on DHSS benefit entitlements, and further attempts to
improve the DHSS treatment of unemployed TA soldiers.

22. In addition to the Darticular measures covered in the study a number of
general recommendations were made in the areas of communications within the TA,
compilaton of statistical data, evaluation of units' activities, inplementation
of a regular survey of attitudes, recruitment and selection, and the involvement
and education of employers.
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DIMINISHING RETURNS FROM AN ASSESSMENT CENTRE

by GAIL R HARDY

Department of Senior Psychologist(Naval), (SP(N)), Ministry of Defence
UK.I

HISTORY

Royal Marine training has for many years had a high wastage rate,
around 40%, but by the late Nineteen Seventies wastage was around 50%,
and the Corps was consistently under-manned. In-house investigations
had indicated ways in which the training regime and environment could
be improved, but the climate of opinion amongst the trainers was that

selection was the main problem. They were not convinced that the
relatively brief selection procedure conducted in Careers Offices

throughout the country was adequate to establish that the applicant
had the physical fitness and motivation required to start training.
As is so often the case, he trainers were inclined to feel that they
could do a better job of selection than the Careers Staff.

In view of the urgency of the problem it was agreed to introduce a
Potential Recruits Course (PRC) in October 1981, which combined some

of the qualities of an Assessment Centre and a Realistic Job Preview.
Each course lasts two and a half days and includes timed gymnasium

tests, a timed run, an interview with a Personnel Selection Officer
(PSO), psychometric tests, and other informative and recreational
activities. Only opplicants who have already satisfied the Careers
Staff as to their suitability are forwarded to the PRC.

The alms of the PRC may be summarised as follows:

a. to determine whether the applicant is sufficiently
physically fit to commence Royal Marine training, and has the

necessary determination to overcome difflculties.

and b. to enable applicants to assess the type of life and training

offered so that those who are not suiable may self-select out.

Additionally it was hoped that the experience would reduce the
'culture-shock' likely to assail new recruits, and that the trainers'
morale would be improved by their participation in the selection

process.

The final assessment and selection decision is 0ased on marks awarded
by three elements of the PRC team viz., a) the Physical Training

I The views expressed in this paper are those of the author and do not

necessarily reflect the views of Senior Psychologist (Naval), or the

Ministry of Defence.
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instructor (PTI) b) the PSO and c) the corporals looking after the
course, who assess such factors as humour, cooperation etc.

it is worth voting that 64 recruit training places were lost in order
to introduce the PRC, but the sacrifice was thought justified in the
hope of reducing the excessive wastage rate. 64 places represents
over 10, of recent annual recruit intakes.

EFFECTS OF THE PRC ON WASTAGE

PRCs were held twice weekly during training terms from 1st October
1981, and the first successful course members started training in late
1981/early 1982. Recruit training officially lasts six months, but
back-trooping for various reasons can extend it to twelve months.
Weather extremes during the year can also influence training results,
so it was not until 1983 that a fair assessment of the PRC was
possible. Statistical returns for recruits entering during calendar
year 1982 showed a training wastage of about 25% - half the figure
that had caused so much concern - and it would be fair to say that joy
was unconfined.

The folly of unconfined joy became apparent when this author began to
prepare a paper on the PRC (Hardy, 1984) to present to the 26th Annual
Conference of the Military Testing Association. The first doubt
related to the observation that training wastage had been declining
steadily for t.o years before PRC-selected recruits entered training.
The second was that the wastage graph for more recent recruits seemed
to show a worrying upward trend.

Figure I demonstrates all too clearly that the second worry was
justified.

As the PRC was introduced in October 1981, approximately one quarter
of those entered in the year ending March 1982 had been through the
procedure, as against approximately three quarters of those entered in
the year ending September 1982. Wastage was down to 36% for the last
year shown prior to PRC entrants, and 'bottomed out' for the year
erding September 1982 at 24%. Therefore the maximum saving that could
conceivably be attributed to the PRC is 12%,, and that only if one
chose to ignore the existing downward trend in wastagee As there were
only 374 entrants in the year ending September 1982, a 12% saving
represents approximately 45 recruits; rather less than the 64 training
places that were sacrificed to accommodate the PRC.

Of greater concern is the clear upward trend in wastage since the low
for 1982 Entrants. For the year ending March 1984 wastage was around
42%, 6% higher than it was before the PRC was introduced.

A conspicuous feature of Figure I is the change in proportions between
voluntary and involuntary wastage. In 1980 voluntary wastage was four
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Figure 1
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times as frequent as involuntary wastage, but recent figures show that
involuntary wastage is now in the majority.

THE SEARCH FOR AN EXPLANATION

It has been argued that fear of unemployrent was responsible for th2
original decline in voluntary wastage. As the unemployment of young
people became more widespread, so the social stigma attached to that
condition decreased, with the effect that unhappy recruits were again
willing to leave. This is very probably true, but it does not account
for the fact that the main increase in wastage is involuntary wastage,
that is the trainers rejecting the recuit rather than the recruit

opting out.

Early discussions of the problem with responsible authorities produced
the comment that the quality of the recruits had declined, and this
led to ,n examination of all the measurable and testable indicators of
'quality' held on the SP(N) data bank. These included psychometric

tests scores, educational qualifications, age on entry, and even an

assessment of 'Personal Qualities' made by the Careers staff. All
these measures remained remarkably stable throughout the period in
question, if anything showing a small improvement in some cases. Of
course this does not disprove the 'quality' argument, but it makes it
more difficult to sustain.

The early decline in voluntary wastage coincided with a marked
reduction in the size of the recruit intake, and this led to some
promising ideas that strain on training facilities and resources might
contribute to voluntary wastage. Fleeting consideration was even
given to a perverse type of equity theory, that is, whatever the size
of the intake, whatever the selection method and whatever the quality
of the recruit, the trainers would always produce the same number of
trained Marines. Happily for those of us still clinging to the idea
of an ordered world, the 'size of intake' theory has collapsed with
more recent figures. Whereas an intake of 374 in year ending
September 1982 had a wastage rate of 24%, an intake of 372 for the
year ending March 1984 had a wastage rate of 42%.

When wastage trends were discussed with the Training Staff, PSOs and

PRC personnel a the training establisnment, there was a widely-held
view that although training objectives had remained the same, trainers
were iiformally raising their own standards to 'match' the improved
capabilities of PRC-selected recruits. It is not in a keen young
PTI's nature to allow a troop to lounge around if they have completed
the assault course ir half the allotted time. However, any unplanned
raising of standards will mean that recruits who should have coped
moderately well will have difficulty with training and those who
might have enjoyed training may become demoralised and opt to leave -

or at least to stop trying.
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The syndrome of diminishing returns - even from a successful
assessment centre - is illustrated at Figure 2.

Figure 2

Diminishing Returns from an Assesment Centre

'Oh dear, half my trainees have failed".

The recr ts aren't up to standard".

'Let's only accept super-fit, motivated recruits'

ASSESSMENT CENTRE

"Gosh, these super-fit, motivated recruits are up to standard in
half the time".

k jLet's get them to do twice as much".

A further complication is the impact of the wastage rate on the PRC
tear. Members of the team are in informal daily contact with the
trainers, and it is impiobable that the trainers are restrained in
their comments on 'poor' selections. Thus the PRC team are under
continuous pressure to maintain or raise their selection standards.
The PRC pass rate is relatively stable, although it does show a slight
downward trend. However, the current pass rate of 35% is low in view
of the fact that all course members have been tested and interviewed
and found suitable at a Careers Office before being forwarded to the
PRC. It seems likely that the standards being set by the PRC,
particularly for physical fitness, are more relevant for Marines in
training than for civilians wishing to start training. Anecdotal
evidence suggests that an excess of zeal during srme courses is
responsible for several potentially good recruits withdrawing their
applications. Both these factors reduce the potentiai recruit intake,
and add to the problems of reaching complement.

HAS THE PRC FAILED
?

It is impossible to know what the wastage rates would now be without
the PRC - possibly even higher. However, on present evidence the PRC
has not achieved what it set out to do. Wastage was falling before
the PRC came into operation, and continued to fall as PRC selections
started training. By 1983 wastage was climbing again and it is now
higher than it was prior to the PRC.

It would be rash to attribute any of these effects solely to the
influence of the PRC (or the consequent effect on the trainers).
Unemployment, and changing social attitudes to unemployment, almost
certainly have some, unquantifiable, effect. Similiarly, it is
undeniable that when intake numbers were very high the relative
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shortage of irons, drying facilities, telephones, etc for the numbers
of users placed additional strain on the recruits. Implementation of
some of the teconmendations of earlier investigations very probably
contributed to the initial fall in wastage. Nonetheless, this author
does not believe that the PRC i: justifying its existence on present
pe-formance.

It should not be thought that tne PRC teaL, the training
establisment, or their directing authorities are complacent observers
of wastc'e trends. A detailed report on the problem has been
prepared, and a thorough investigation and over-hatl of the PRC is
under way.

SOME LESSONS DRAWN FROM THE PRC EXPERIENCE

It is important to remember that although the PRC has rany of the
characteristics of an Assessment Centre, it is very much an in-house
affair, only the PSO being professionally trained in selection. This
is not to suggest that the other team members are amateurs, bur rather
that their professionalism lies in other spheres. However, this is
probably true of many of the new crop of Assessment Centres, and the
following observations may apply to them equally well.

a. An assessment team that is not working towards a definite
quota of passes will tend to raise its' standards rather than
accept 'training risks', particularly if it consists mainly of
trainers. It is more socially acceptable to be seen to have high
standards than low ones, and feed-back tends to concentrate on
disasters.

0. An unsupervised assessment team may not set up any scheme to
monitor and validate its' own performance, nor even be aware of
the need to do so.

c. An over-rigorous assessment centre program may discourage
potentially good recruits and cause them to withdraw their
applications.

i. An Assessment Centre needs to Know the quality of recruit it
is required to produce. If the 'customer' informally raises his
requirements to match the improved calibre of the recruits, the
\ssessment Centre is doomed to apparent failure.

REFERENCE

Hardy, U.R. An Assessment Centre and Realistic Job Preview for
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INCREASING BASIC SKILL LEVELS OF
MODERATE RISK OFFICER CANDIDATES PRIOR TO

COMMISSIONING IN HISTORICALLY BLACK COLLEGES

By
William D. Sprenger

Office of the Deputy Chief of Staft Army ROTC

It has been a source of some concern by authorities within the
Army ROTC Headquarters that the basic skills of reading
comprehension, writing, and computational ability were not as
high as desired. Officer failures may take place at the initial
training in an officer's branch which is called the officer
Basic Course (OBC). It is here that young second lieutenants
from the 16 branch schools across the United States are brought
in order to learn the academics of their branch. From a total
of 8,500 officers produced each year, the failure rate is about
1.4 percent. This may or may not be considered high, but to
some it represents an unacceptable loss in mar.power and
resources. In 1984 tnere were 104 failures at the OBC and it
was determined that 73 percent were caused by academic failures
attributed to low ability to process information and/or poor
writing Skills.

Due to the complexity and range of quality of institutions of
higher education in the United States, the guarantee of
appropriate developed abilities cannot be assured--at least for
ROTC requirements. Therefore, in 1983, Army ROTC felt the need
to institute a qualifying examination titled the Officer
Selection Battery (OSB), but this examination was subsequently
disallowed primarily because of the adverse impact that it would
have on minorities. The expected number of false negatives was
deemed unacceptable. Partly as a result of this decision not to
permit the OSB to be used as the sole screening vehicle into the
advanced phase, an achievement testing program was initiated
during the school year (SY) 1983-1984 that was to test the
entire population of cadets (which at that time was about
72,000) in reading comprehension, English expression and
mathematics. It is hoped that all of this will be completed and
the new cognitive screens in place for the school year
1986-1987.

A concomitant benefit is that the testing program immediately
places POTC in the "value-added" business which is probably the
most discussed program in higher education, although the
techniques and its usage have been arouid for a considerable
time.

Besides their appeal to the American psyche, value-added
programs seem to be very worthwhile for certain institutions
with certain types of students. In effect, ROTC will have
approximately 1,000 "soft value-added" programs and 21 "hard
value-added" programs. The qualifier "soft" is added since few
contingencies are placed on the Professor of Military Science
(PMS) to ensure completion of the program at this time, and
since no criterion score is required for contracting or
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commissioning (either in HBC or non-HBC ) other than the PMS
recommendation and a grade point average of 2.0.

Yoked to the achievement testing program is the main topic of
this paper, which is the Enhanced Skill Training ROTC Cadet
Skills Development Program (EST). From 1916 1976, 21
Historically Black Colleges (HBC) were established as host
institutions with an additional 53 formed as non-host schools.
Only those enrolled at host colleges are eligible to participate
in the skills program. These 21 schools account for 59 pe.'cent
of the black officer production with the extension reniters and
cross-enrolled producing the remaining 41 percent (HBC only).
Only those at HBC and enrolled in the EST courses have what
could be a contingency in order to obtain a commission, that is,
they must complete the courses in order to be commissioned,
although in some cases doing so extends the college career by a
semester, and in some cases, two semesters. The EST program is
curious in that the federal government is involved in
cooperating with 19 schools (two institutions elected not to
participate during the SY 84-85) to produce higher basic skill
levels. So far, the cooperation of the HBC has been nothing
short of admirable even though both the schools and the Office
of the Deputy Chief of Staff for ROTC had to work through the
complexities of government contracting.

Only those caaets enrolled at the 21 host HBC colleges are
eligible to participate in the skills program. These 21 schools
account for 59 percent of the black officer production with the
extension centers and cross-enrolled producing the remaining 41
percent (HBC only).

Over the years the HBC have produced exemplary officers, but due
to several rather recent social-political factors, the percent
of black OBC fai lures has increased and is considered
unacceptably high. Of the total number of OBC failures, black
officers (HBC and non-HBC) failures account for 55 percent with
HBC contributing at the rate of 30 percent. The situation is
becoming intensified because the Army intends to meet objective
force requirements in 1990 and beyond, and to do so Army ROTC
will be required to produce a steady state of 12,110 officers
each year. Of this number, approximately 2,500 black officers
will be required to mirror in leadership positions the enlisted
force composition. To meet the challenge of producing black
officers in the numbers needed and to avoid the adverse impact
that a single mental screen would provide (such as the OSB) the
EST program was launched in September 1985.

The essential features of the program are:

1. It provides additional classroom instruction funded by
the Army that is designed to correct weaknesses in communicative
skills, mathematics, reading, and cognitive skills.

2. Instruction complements rather tha r duplicates
institutional subjects.
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3. Instruction meets the professional education requirements
for Army writing.

4. It requires individuals to be tested prior to entry in
order to determine deficiencies and again at the end to measure
progress made (in other words, a value-added program).

5. Instruction will be provided the enrolled cadet from the
beginning of the freshman year up to the time of commissioning.

6. Instruction augments, but is not conducted in lieu of
military science training.

7. A finite amount of funding is available through the
contracting procedure which is based on ROTC enrollment figures.
Cadets with the highest scores are to be selected for the
enhanced skill training.

Each HBC will enroll contracted and non-contracted cadets if the
cadet scores below the 6th stanine on the Stanford Mathematics
Test, below the 6th stanine on the Missouri College English Test
and below the 7th stanine on the Nelson-Denny Reading Test. A
student may test out or exit the courses if he/she scores at or
above the stanine mentioned above. For contracting purposes the
school is considered to have met the terms of the contract if a
student scores at the 5th stanine in mathematics, the 4th
stanine in EnQlish, and the 5th stanine in reading.

Table 1 shows the mean percentile and raw scores on the
achievement tests for the four ROTC regions and for males and
females. As can be seen from the table, the Region means are
ordered consistently across all tests, with Region IV being the
highest followed by Regions II, I, and Ill. Region I includes
those states up and down the East Coast, Region II is comprised
of states in the Upper Midwest, Region Ill is located in the
Central South and Southeast, and Region IV holds states in the
Upper Great Plains and West.

These regional differences appear to reflect the distribution of
HBC but one cannot assume that the HBC are the sole causal
factor in mean score ranking. Female cadets scored higher than
males on the English test, whereas males scored higher than
females on the mathematics test. There were no overall
differences between men and women.

Table 2 shows the means of HBC and non-HBC in each Region.
Among the HBC, Region II means are the highest, followed by
Regions I and I1 . Region II has the fewest HBC; Region IV has
none. Among the non-HBC, Region IV scored the highest, but the
means of Region I and II are not far below the Region IV means.
Region II means are the lowest among the non-HBC schools.

The results of all tests indicate a sizable difference in the
mean scores among racial groups. For example, on the English
test, 93 percent of the white cadets attained the percentile
score of 10 (raw score of 33) compared to 59 percent of the
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black cadets and 67 percent of the Hispanic cadets. Of the
total number, 15 percent tested would fall below this score (see
the Total Column), but blacks and Hispanics would constitute a
disproportionate number of those failing to achieve a raw score
of 33. It is estimated that a raw score of between 45 and 50 is
an indicator of at least average writing ability.

The HBC cadets have talent and brain power and one must not be
led astray by average scores. It is the intention of Army ROTC
to obtain from the HBC those cadets that have the highest test
scores and those that show "reaction potential" toward EST. In
any case, those cadets that are recommended for commissioning by
the PM' will have scores in the range that will predict ability
to compete in the Army system as beginning lieutenants as well
as through the field grade ranks.
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Tanle 1. Means of Percentile and Raw Scores by Region and Gender
(MS IV, SY 83-84)

Mean Mean No. of
Percentile Raw Score Cases % of Total

English: Total 40.2 52 7358

Region I 39.6 52 3097 42%
Reglor 11 42.1 53 1614 22
Region Ill 35.5 50 1456 20
Region IV 44.7 55 1191 16

Males 38.9 52 6178 84
Females 46.7 55 1180 16

Reading: Total 43.0 126 7515

Region 1 42.5 126 3262 43%

Region II 45.5 128 1598 21
Region Iii 36.7 119 1424 19
Region IV 49.0 131 1231 16

Males 43.3 126 6267 84
Females 42.4 125 1196 16

Math, Total 43.2 34 82i5

Region 1 41.9 34 3189 39%
Region 11 45.5 34.5 2032 25
Region III 37.1 33 1664 20
Region IV 50.5 35.5 1330 16

Males 44.9 34.5 7001 85
Females 33.2 32 1214 15

The percentile scores are based on the following comparison groups:
English: Four-year university and college freshmen (1964).
Reading: Four-year university and college freshmen through seniors (1981).
Math: College-preparatory high school seniors (1965).
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DIRECT MEASUREMENT OF ROTC CAOETS' WRITING SKILLS

by

James P. Hanlon
Shippensburg University

We all agree that literacy is important. We believe it is especially important
that our organizational leaders and managers are indisputably and demonstrably
literate. But do we really know why literacy is important ? Conventional explanations
of the importance of literacy simply expand on the ideal of "an officer and a
9yntleman." That is. we rightly acknowledge how literacy enables a person to
function, to perform his duty, to be an officer: That person must be able to transmit
written messages clearly, conc'sely., and crisply. so also should he be able to receive
them accurately and act upon them properly, with dispatch. Nc one. then, disputes
the practical, functional role of literacy. On the other hand, we at least defer to,
pay lip service to the idealistic role of literacy in officership. So literacy is likewise
supposed to be an attribute of the gentleman-the person of sens;bility, of humane
tradItion and values. Thus Breaker Morant, officer-hero of the fine Australian film
bearing h:s name and depicting a tragic incident of the Boer War, was all the more
a compelling protagonist because, in addition to being a fine soldier, he was as well
an accomplished singer and poet: an officer and a gentleman.

But when the crunch comes, when we draw bottom lines, when we make hard
budgetary and personnel decisions, we recognize the inadequacy of lip service and
conventional reasoning. The functional rationale for literacy is all too self-evident:.
People who cannot deal competently with written texts sooner or later simply do
not make it in the professional world we share. The idealistic rationale for literacy,
on the other hand, is pretty much archaic cavalier and Victorian baggage-good
enough for movies, I suppose.

Why then, is literacy important? To get at this question. we first should break
literacy down into its two components: reading and writing. For writing is what
I really wan, to talk about. Instead of viewing these activities as communications
theorists do from a sending/, ceivirg perspective, let's view them on a passive/active
scale. Reading is essentially aissve, even though more complex texts require higher-
order interpretative, cognitive, and analytic skills. So reading may carry you from
passive to active on my hypothetical scale. But writing begins with activity. And
it may lead to true productivity, or pro-activity. A writer leads the reader through
the text, whereas a reader follows a text. A fully literate person is a writer as well
as a reader.

Only very recently has our educational establishment begun to seek out and
deeply acknowledge the learning potential of writing. Put simply. writing is probably
the best vehicle for learning and knowing in our educational arsenal. A good writer
exhibits very high-level critical skills, reasoning ability, organizational skills, and
-- through awareness of audience--interpersonal skills. But, more importantly, through
practicing the craft of writing, the student writer develops these skills. 0 erhaps
writing is our only widely available means for developing these skills fully and
collectively. Because we value these skills and abilities, because these skills and
abilities contribute greatly to organizational effectiveness and dynamics, we seek
and need potential career leaders who can and will write. A writer can reveal that
he knows and what he really knows. In fact, through writing he discovers vwhat he
knows. So I believe this epistemological justification (writing as a way of knowing)
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for writing provides the real, as opposed to the conventional, explanation for the
high value we place on literacy.

Having then briefly advanced the fundamental argument for the importance

of writing, allow me to share a few of my assumptions regarding the nature of writing.
assumptions that are more or less germane to my proposal that the writing of officer
candidates should be directly examined.

1) Writing is a technology: It is a very old technology, and a critical event
in the European Renaissance was the invention of the printing press, which provided
our first mass-produced consumer item, the book. As a technology, it can be learned

on a skills-acquisition model, as opposed to a biological developmental model. Whereas
we may be justifiably concerned if a young person does not develop listening and
speaking capabilities by a certain early age. we shoud not make adveise judgments
rogarding a person's intelligence or learning abilitiet, if that person has not acquired

sophsticated writing skills by, say, the age of twenty. Nor should we blithely assume

that, simply because that person has graduated from high school and perhaps done
somt college work, he is a poor learner of writing. He may well not have been
instructed in writing, nor may he have been required to write in school, or anywhere

else.

2) Writing is a discipline: Writing systems are wholly arbitrary and thoroughly

conventional, nothing less than an elaborate social contract. Mastering a writing

system requires incredible discipline--to say nothing of time. Further, the task
of writing-of employing the system-is likewise exacting, frustrating, and
tine-consuming.

3) Writing individuates: No two persons will respond alike to a given writing
situation. Whereas it is highly unlikely that a person would seek to copyright his
response to the SATs (and, given t' . number of takers, he may have trouble proving
his was original, for there is some statistical probability that other sheets are identical
to his), that person could well seek sometime to copyright a love lyric, even though
such lyrics abound in our culture.

4) Writing is not a rule-governed activity: We do not write, or learn to write,

formulaically, by strict sequential prescriptions. To be sure, through automatization,
we must acquire bufficient control of the surface features of the arbitrary writing
system to focus on the content of our texts, rather than on the mechanics of producing
them. A California throughway driver who has to think about where his brake pedal
is and about which foot he wants to use on it is in BIG TROUBLE when. in a
split-second of awareness, he knows he must stop his car instantly. So also is a writer

in a different kind of trouble if he thinks predominantly about spelling and mechanics
of punctuation as he writes. Unfortunately, this troubled writer may have been
taught (should we say mistaught?) that spelling and mechanics are what writing
is. In fact, writers develop incredibly varied, but seldom disclosed, strategies for

composing. They learn these strategies through practice as well as through their
experience as readers in learning how texts work.

5) Writing in the real world is a corporate activity_: Almost all published,

finished texts are produced through collaboration. Early drafts are shared and often

benefit from early trusted-reader input. Many drafts are worked up and worked

through in committee. Editors and advisors intrude and sometimes revise. Software
programs mechanistically edit and silently correct predictable surface errors.

Proofreaders check the final draft in scrupulous detail. Developing writers should
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learn early how to buy into the corporate writing network, to use it to enhance and
promote their authorship.

Since writing is, then, a corporate activity and since effective writing is
essential to organizational welfare. I believe that there should be a larger meesure
of organizational concern for written performances within the organization. For
example, many colleges and universities are developing programs of
writing-across-the-curriculum. Such programs involve many faculty. rather than
only English faculty. in teaching writing. Likewise, many colleges have developed
writing centers and tutorial programs in writing to provide extra instruction in writing
for those who want, need, or seek it. Graduate and professional schools are offering
more and more writing courses for students seeking degrees in law, bjsiness. medicine,
and even theology. So also are writing samples being used increa'singly as part of
selection criteria for admissions into both advanced undergraduate and graduate
programs.

Officer training programs could as well use writing samples both as an
instructional resource and as part of the selection process. I have recently proposed
that the Army ROTC collect three writing samples from all cadets during their
first two years in the program, prior to their contracting for the Advanced Course.
Consider these justifications:

1 Writing samples provide direct evidence of writing ability: Other
measurements provide only indirect evidence, even though such evidence may indicate
very reliably how well the test-taker will perform in a writing course. In effect.
measures of reading ability, of proofreading skills, and of common rhetorical ploys
provide oredictable measures of writing ability. But a series of writing samples
provides a fully valid direct indication of writing ability.

2) Writing samples teach: Well-designed assignments show test-takers how
to approach the task. Also, preliminary announcement of topics allows students
time for the pre-writing tasks of talk and reflection. Likewise, people learn to write
by writing, so each writing experience is a learning experience. Finally, the content
of the writing could, through design of the assignment, relate directly to the ROTC
Program of Instruction.

31 Collection of writing samples sends out the proper message: Consider this
definition of motivation: People do what they have to do in order to do what they
want to do. It follows, then, that a person who wants to be an officer will learn
to write competently . . . if that person is certain he has to write competently.
If that person is taking an indirect measure of writing ability. he will learn vocabulary
words, proofreading rules for punctuation and capitalization, recognition of common
grammatical errors, because these are things he has to know. But if that person
is submitting a series of writing samples, then he will have to learn to write. In
fact, you may see him skulk;ng off to a writing center or seeking trusted-reader
advice on a draft from a cadet who is recognized as a good writer. Likewise, through
the simple expedient of allowing the cadet to submit as many samples, through time.
as he wants to and of using only the final sequence of three as efforts of record.
the cadet can then use the evaluation as a trJe learning experience and vehicle for
improvement. He can, in effect, write his way toward commissioning.

Time and space do not allow me to elaborate upon the administration and
evaluation of wi iting samples. Nonetheless. I will itemize some suggestions regarding
procedures for handling and evaluating writing samples through the ROTC programs:
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1] Each semester. PMSs should be provided with instructional packets for
auministering a writ-ng sample. Al: first- and second-year cadets should submit
samples each semester under carefully defined controlled circumstances.

2) PMSs should forward the sample to a contracted agency for holistic or
primary trait evaluation on a 1-6 scale by two readers, and a third reader in the
event of widely divergent first and second readings. The nationwide sample should
be subjected to a common evaluation.

3) The contractor should report evaluations in a timely fashion to ROTC
Headquarters, which would break out and distribute sets of evaluations region by
region. detachment by detachment, cadet by cadet.

4) The contractor should store samples for a reasonable period of time. maintain
accurate records of individual reader evaluations of each sample, and provide accurate
records of reader reliability.

Without doubt. ROTC commitment to collecting and evaluating writing samples
would be a considerable administrative and financial undertaking. But such an
undertaking would provide indisputable evidence of the Army's commitment to qualitv
in written communications at the entry level of commissioning. In the final analysis.
this would be nothing less than a commitment o officer and organizational quality
themselves.
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PROCEDURES FOR REFINING WRITTEN MEASUREMENTS AT USAF OTS

SYDNEY SAKO
AND

LT COL WILLIAM J. SLAUGHTER

Officer Training School, USAF
OTS/MTC, Lackland AFB, Texas 78236

INTRODUCTION

Personnel at the Officer Training School, USAF, are always looking for ways
to improve the product of the Officer Basic Military Precommissioning Course.
During the past 25 years of school operation, with the production of over
80,000 graduates, one of the key factors of training has been the refinement of
testing instruments. Among the several different types of measurements, the
use of the consolidated written tests stands out as one of the major criteria
in the graduation of students and selection of distinguished graduates. This
paper presents sume of the ways of refining written tests. It discusses test
item writing, Test Review Board decision-making, item analysis, curriculum area
achievement analysis, and statistical analysis of test scores. Information
from these validational procedures was used in making decisions for conducting
changes on specific items of the written tests. A total of over 200 test item
revisions were made during 1983-1985. These revisions have resulted in improv-
ing significantly the test item bank by increasing the curricular validity of
the items, lowering the standard error of measurement, and producing more reli-
able test scores.

POPULATION SAMPLE

The population sample used in this study consisted of over 5,000 students
enrolled at OTS during the Deriod of 1983-1985. Approximately 70 percent of
the population have had no previous military service, and the remainder had
served in enlisted rank, or active duty under the Airman Education and
Commissioning Program. Their median age came close to 25, a drop from 27
observed during the years of 1978-1980. Almost 40 percent of them are married.
All of them possess bachelor degrees, with approximately 5 percent having
master or doctorate degrees.

MEASUREMENTS

At OTS we use a total of eight different types of measurements which in-
clude Consolidated Written Tests (CWTs), a Military Briefing, Graded Letters,
a Communication Security Test, an Airman Performanze Rating, a Flight Drill
Performance Rating, Physical Fitness Tests, and two Officer Trainee Effective-
ness Ratings. We have limited our study to the CWTs, since they are one of
the most important criteria for graduation and for selection of distinguished
graduates. The CWTs are designed to measure student achievement in the cur-
riculum areas of Conunicative Skills (CS), Leadersnip and Management (LM),
Professional Knowledge (PK), and Defense Studies (DS). There are five
different levels of CWTs used at OTS, with three alternate forms for each
level. CWTs are administered at specific intervals in training; namely trailn-
ing days 15, 25, 34, 42, and 54. They are designed as criterion-referenced
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tests, using a total of 235 test items that cover 67 criterion objectives of
the course. (See Atch 1 for samples of criterion ob3ective topics.) The
minimum achievement standard for meeting the criterion objectives is set at
80 percent.

PROCEDURES AND RESULTS

The procedures used at OTS for test refinement include test item writing,
Test Review Board decision-making, item analysis, curriculum area achievement
analysis, statistical analysis, and pretest/posttest analysis. Pretest/
posttest analysis is seldom used at OTS because of its high cost; therefore, it
will not be discussed in this paper. The blueprint for test construction is
the table of test specifications which is accomplished by a joint effort of
testing specialists and subject matter experts. In order to maintain a high
curricular validity, all test items are written by subject matter experts, also
called Curriculum Area Managers (CAMs). Testing specialists make further
refinement by using various statistical and other validation studies. The CAMs
develop all course material and present lectures in their area of responsi-
bility. They also write test items using well-established procedures which
they have learned from attending the Test and Measurement Course on base and
the 5-week Academic Instructor Course at the Air University. Once a CAM has
developed a test item, it is submitted to a Test Item Review Committee for
evaluation. This committee of other CAMs and division supervisory personnel
critically review each test item, suggests improvements, and eventually approve
every question before it can be included in a CWT.

During item analysis, we can tell how each item is functioning by looking
at ease indexes and tabulation of alternate responses. As .80 is the minimum
cut-off, any item with an ease index of .79 or below is checked for causes of
loo index reading. The cause may be due to ambiguity in item construction, in-
adequate emphasis of material, or insufficient assimilation or retention by
students. An item analysis of over 5200 item administrations based on testing
of 20 classes (Class 84-06 through 85-11) produced 271 items which fell below
the ease index of .80. Flight commander (FC) comments and items below .80 were
reviewed at the Test Review Board meetings attended by the chiefs of Curriculum
Instruction Branch and Measurement Branch, CAMs, and FCs. The Test Review
Board revised a total of 201 items.

The purpose of the curriculum area (CA) achievement analysis is to deter-
mine the amount of attainment of curriculum material in CS, LM, PK, and DS.
This is accomplished by tallying the number of individual student failures in
each flight, computing the percent failure rate by squadron, and then averaging
the failure rate by class (see Atch 2). The goal is to achieve at least 90
percent in each area.

In CA achievement analysis cdtegorized by class, the failure rate should
not exceed 15 percent. If it is greater than 15 percent we must again deter-
mine whether the high failure rate is due to instruction, the test itself, or
the curriculum material. In CA analysis by class, the failure rate was
analyzed on 240 different CA administrations. Studies showed that the failure
rates of 214 of them were less than 16 percent. The remaining 26 had failure
rates of 16 percent or more distributed throughout the 21 classes (see Atch 3).
The areas which showed the largest number of failures were DS with a total of
12, CS with 9, and LM with 5. There were none in PK which showed that all
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students had passed the minimum requirements. This information is particularly
useful to testing specialists, CAMs, and FCs. Testing specialists can pinpoint
specific items with low edse indexes. CAMs can check their training material
for any discrepancies, and FCs can emphasize those particular areas of diffi-
culty during instructional hours.

In statistical analysis of test scores we obtain the differences of mean
score (M), standard deviation (SD), reliability index (R), and standard error
of measurement (SE) between the standardized and new tests. The norms of the
standardized tests were obtained by averaging the data of operational tests
administered to 20 classes. The new tests used in this study were administered
to Class 85-11. Statistical results of the new tests were compared with those
of the standardized tests, as shown below:

CWT 1 M SD R SE

Standardized 90.1 5.6 .91 1.7
New 90.3 6.3 .90 2.0
Differences _7 U 7

CWT 2 M SD R SE

Standardized 90.8 5.2 .90 1.7
New 91.7 5.6 .91 1.7
Differences 9 _T 70TU

CWT 3 M SD R SE

Standardized 90.9 5.1 .90 1.6
New 89.9 5.8 .89 1.9
Differences 7 7 770" _.

CWT 4 M SD R SE

Standardized 89.7 5.8 .89 1.9
New 87.5 6.5 .87 2.4
Differences -0-

CWT 5 H SD R SE

Standardized 91.3 4.9 .91 1.5
New 90.5 4.3 .89 1.4
Differences -7T .-'0- " T

The differences between the standardized and the new tests were not sig-
nificant; therefore, the new tests were put into operational status with only
minor changes. By having the CAMs write the test items on their own material;
by using the Test Review Board meetings to identify and take immediate correc-
tive action on weak areas in testing, instruction, and curriculum materials;
and by taking other curricular and test improvement actions when identified
through item analysis, CA achievement analysis, and statistical analysis of
test scores; we are continuously refining the testing and instructional pro-
grams at OTS in order to produce the finest young officers for the United
States Air Force.
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Utility Estimation in Five Enlisted Occupations

Newell K. Eaton, Hi, Ida Wing and Alan Lau

U.S. Army Research Institute for the Behavioral and Social Sciences
1

In most organizations the decision to develop and implement selec-
tion and/or classification tests rests on the assumption that their
costs will be outweighed by their benefits in terms of increased em-
ployee performance and tenure. The initial costs of testing programs
have been increasing due to more stringent requirements for documenta-
tion of validities, test administration using computers, and the poten-
tial for legal challenges to test fairness. With the increasing costs
of starting and maintaining testing programs, more attention is being
paid to assessing their benefits. The purpose of this paper is to
expand on methods used by several researchers in this area (Eaton,
Wing, & Mitchell, 1985, Hunter & Schmidt, 1982).

Brogden (1949) and Cronbach and Gleser (1965) provided the first
systematic descriptions of the utility of testing programs indexed in
dollars. They linked performance levels to tl2 dollar values estimated
for those performance levels. Their formula for the gain in productiv-
ity, or utility (US), obtained by using valid selection procedures
includes '(a) Ns, the numnber of individuals selected, (b) SOS, the stan-
dard deviation of performance, scaled in a utility metric such as dol-
lars, and (c) the average performance expected on the criterion by the
selected group as estimated from a valid predictor, given by Rxy Zx:

US = Ns SOS Rxy Zx

The formula was subsequently modified to account for testing costs, A
more complete descriptinn of such formulations can be found in Cascio
(1982), Cronbach and Cleser (1965), and Hunter and Schmidt (1982).

While the values of most of the variables on the right hand side
of the Brogden-Cronbach-Gleser formulas are known, the estimation of
SOS, the standard deviation of performance scaled in dollars, is prob-
lenatic. One 'SOS Estimation Technique' is based on estimates of the
dollar value to the organization of performance at the 50th percentile
level, the 85th percentile level (one standard deviation above the
mean), and, sometimes, the 15th percentile levei (one standard devia-
tion below the mean). The dollar difference between the 15% and 501
estimates, and the 50% and 85% estimates, provides an estimate of SOS
(Cascio & Silbey, 1979;, Hunter & Schmidt, 1982, and Schmidt, Hunter,
McKenzie, & Muldrow, 1979).

1
The views expressed in this paper are those of the authors and do not
necessarily reflect the view of the U.S. Army Research Institute or the
Department of the Army.

769



A second method is the *Superior Equivalents Technique* proposed
by Eaton et al.(1985). It is sonmewhat like the SDS Estimation Tech-
nique. Instead of using estimates of the dollar value of 85th percen-
tile performance, however, the technique uses estimates of the number
(N8S) of superior (85th percentile) performers who "ould be needed to
produce the output of a fixed nurber (NS0) of average (50th percentile)
performers. This estimate, combined with an estimate of the dollar
value (V50) of average performance, provides an estimate of SO$:

SOS = V50 [(NSO/N85) 1].

Eaton et al. speculdted that this method would be more appropriate in
situations where the nature of the work is such that managers are more
accustoned to considering the rel3tive productivity of employees or
crews than the relative costs of producing given levels of output.

A third estimation strategy has been proposed by Hunter and
Schmidt (1982). In reviewing the results of a variety of studies, they
note that SDS typically falls between 40% and 70% of annual salary.
This might be termed the 'Salary Percentage Technique.'

In their recent paper, Eaton et al. showed that the Superior Equi-
valents Technque provided mare stable estimates of U.S. Army tank
csrmanders' SDS than did the SOS Estimation Technique. They also noted
that both these techniques provided substantially larger estimates of
S"S than did the Salary Percentage Technique. The purpose of this
paper was to compare the results of the Superior Equivalents Technique
with the SOS Estimation Technique across five different U.S. Army en-
listed military occupational specialties (hMS). This was intended to
assess both the variability of SDS values across the five MOS as well
as the results with the two techniques. The paper was also intended
to determine whether a 'short hand' estimation procedure could be de-
veloped for military occupations, such as the Salary Percentage Tech-
nique. Last, because the research was conducted with supervisors who
were both noncsrmsssoned officers (NCOs) and comnissioned officers, it

was possible to assess the impact of level of management on SD$

estimates.

METHO

Instrument

A questionnaire based on earlier research (Bobko et al. 1983,
Burke & Frederick, 1984; Eaton et al. 1985, Schmidt et al. 1979) was
developed to measure the comparative worth to the Army of first-term
soldiers operating at different performance levels. Separate forms
were ad"ministered to supervisors in each of the five MOS studied.
The first method asked supervisors to think about how much ten average
soldiers (50th percentile) contributed to the Army. Supervisors then
estimated how many superior (85th percentile) soldiers would be needed
to do the same amount of work. The second method asked supervisors to
first consider the worth of average and superior first tour soldiers to
the Army. They were then asked to estimate how much an average (50th
percentilej first-term soldier and a superior (8Sth percentile) soldier
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are worth by considering such factors as salary, output, responsibil-
ity, and equipment Dollar estimates of the yearly value to the Army
of average and superior soldiers were then requested.

Subjects

Supervisory estimates were obtained from 270 NCOs and officers in
five 1OS across three different posts. The five MOS were infantrymen
(118), armor crewnen (19B), light vheel vehicle/power mechanics (638),
medical specialists (913), and radio teletype operators (05C). Of the
270 supervisors, 226 (83 percent) were NCO and 29 (11 percent) were
officers. The remainder did not provide iank information. Four super-
visors (one percent) did not respond to the methods of estimating util-
ity and their responses are not included in the analyses. Of the
remnaining 266, 13 did not provide useable estimates for the first
method and (a different) eight did not provide useable estimates for
the second method.

Other Data

To obtain tne value of average performance for the Superior
Equivalents Technique, as well as the data required for the Salary Per-
centage Technique, we used published pay and allowance tables. In 1985
the base pay for Army enlisted personnel with two years of service
ranged from $9,000 to $10,000. Non-taxable allowances for such itens
as housing, post exchange, vacation, and travel benefits could amount
to more than $6,000 tor the typicel married soldier with dependents.
Our estimate of an equivalent civilian salary would be about $16,000
per year. This is consistent with Ienderson's (1985) estimates for the
conpensation of a Private First Class living off post with dependents.

RESULTS

The results from the Superior Equivalents Techniques indicated
that, across MOS, 5.20 superior first-tour soldiers performed as well
as 10 average soldiers. Using $16,000 as the value of average perform-
ance (VS0), 5.20 as the number of superior equivalents (N85), and 10 as
the number of average solliers CNSO), the Superior Equivalents Tech-
nique yielded a SD$ e~t,mate of $14,769. Of the 253 supervisors re-
sponding, 7% indicated 1 or 2 superior first-tour enlisced soldiers
were equivalent to 10 average soldiers, 23% indicated 3 or 4, 51% indi-
cated S or 6, 17% indicated 7 or 6, and 3% responded with 9 or 10.
There was only a mdest difference between estimates for the five MOS.
the number of superior equivdlents ranged from 4.90 to 5.58 with SOS
estimates from $12,681 to $16,720. The results by MOS are shown in
Table 1. Full ANOVA results were conputed, including as factors WS
and RANK of the supervisor providing the estimates. The differences by
MOS did not reach statistical significance, nor did RANK, nor the MOS x
RANK interaction.

The results from the SD$ Estimation Technique indicated that,
across MOS, average soldiers were worth about $16,725 per year while
superior soldiers were worth about $25,969. This yields an SD$ estima-
tion of $9,244. Of the 258 supervisors responding, 11% provided SO$
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Table 1- Estimated Number of Superior First Tour Soldiers Equaling 10

Average Soldiers and Computed SO$ by MOS

os N Number Superior SD

118 48 5.54 $12,881
19E 60 S.40 $13,630
918 36 4.89 $16,720
638 67 5.15 $15,068
05C 42 4.90 $16,653
Totals 253 5.20 $14,769

estimates of less than $2,000, 14% between $2,001 and $4,000, 19% be-
tween $4,001 and $6,000, 12% between $6,001 and $8,000,, 16% between
$8,001 and $10,000 15% between $10,001 and $16,000, and 12% over
$16,000. These appear to be more variable than Superior Equivalents
estimiates. Larger, between MOS differences also were found with the
SOS estimation technique, ranging from about $6,254 to $11,150. The av-
erage values assigned average and superior soidiers, as well as SDS
estimates for the five MOS, are shown in Table 2.

Table 2: Dollar Estimates of Value to the Army of Average and
Superior First Tour Soldiers by MOS

.).S N Average Superior SD$

11B 53 $19,226 $29,000 $ 9,774
19E 63 13,736 20,190 6,254
91B 38 18,000 27,132 9,132
638 64 15,719 26,344 10,625
05C 40 18,200 29,350 11,150
Totals 258 $16,125 $25,969 $ 9,244

Full NOVA results were conputed on the SD$ estimates following
the procedures outlined for the Superior Equivalents estimates. With
the SD$ estimates, however, the effect of MOS was significant (F =
4.23, df = 4,225, p < .01). Duncan's multiple range tests indicated
the SD$ estimates for first tour armor crewen '(19EI were lower than
those for medics (918) mechanics (638) and radio telephone operators
(05C). Neither the RANK nor WS x RANK effects were significant.

Last, SD$ values obtained using both the Superior Eqiiivlents and
SD$ Estimation Techniques were conjared to the estimated civilian
equivalent salary and to base pay. Using $16,000 as the best estimate
of estimated civilian equivalent salary and $9,500 as base pay, esti-
mates of SUS would be 58-92% of estimated civilian equivalent salary
based on superior equivalents and SOS estimates, respectively. Using
only base pay as a salary basis, SD$ would be estimated at 97%-156%.
The value of 125% of base pay may be chosen as an estimate of SDS.
Assuming a value of $10,000 per year as base pay (for simplicity,
rather than the $9,500 figure used in previous analyses), then SD$ =
$12,500 and US can be estimated (Cascio, 1982, pp 220-226). Table 3
displays the estimated US, per first tour soldier selected, as a func-
tion of the validity of the test and the oroportion of applicants
selected.
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Table 3: Estimated US Per Selection as a Function of Test Validity
and Proportion of Applicants Selected

Test Validity

.1 .2 .3 .4 .5 .6

Proportion .2 $1,750 $3,500 $5,250 $7,000 $8,750 $10,500
of .4 1,200 2,400 3,600 4,800 6,000 7,200

Applicants .6 813 1,625 2,438 3,250 4,063 4,875
Selected .8 413 825 1,238 1,650 2,063 2,475

If 100 soldiers were selected from among 125 applicants, using a test
with a validity of .3, the estimated utility would be 100 x $1,238
$123,800 per year.

D1 SOJSSICN

The first purpose of this research was to assess the SD$ of per-
formance in five Army enlisted military occupational specialties using
two methods. For both methods there were nirnerical differences in SOS
across the OS, and they were ordered logically. The lowest SD$ values
were obtained for teamVcrew occupations - infantryman ana tank crew-
man - while the highest SD$ values were obtained for those who perform
many duties as individuals - medics, mechanics, and radio/telephone op-
erators. However, between MOS differences were statistically signifi-
cant for SD$ values obtained for only one method, the SD$ Estimation
Technique, and These differences were not clear cut.

The Superior Equivalents Technique, designed for use in military
settings, did not provide reliable between-MOS differences. It did,
however, y:eld estimates with cosisiderably smaller levels of between-
subjects dispersion. This is consistent with the results of the ear-
lier Eaton et al. research. On balance, it would seem that both tech-
niques provide SO$ estimates which yield a useful range in which the
real' SOS probably falls. But neither is sufficiently precise at this

time to provide between-MOS co-nparisons in which one can be confident.

Obtaining a ball-park estimate of 50 may well be sufficient for
must purposes. Seldom does one face a decision where the utilization
of a selection or classification test rests on cost tradeoffs of plus
or minus 10% or 20% of testing and start up costs. Rather, such pro-
grans are more typically initiated only if the potential payoff is
several times the costs. As a consequence, estimating a reasonable
range of SD$ values can be quite useful.

Fortunately, this and prior research (Eaton et al. 1985) show
that such an e~timate may be obtained using a variant of the Hunter &
Schmlidt (1982) Salary Percentage Technique. In the Eaton et al. work,
SOS was 89% of estimated civilian equivalent salary, and 178% of base
pay. For the two methods cirpared in this research, results ranged
from 58%-921 of civilian equivalent salary, and 97%-156% of base pay.
Given tnis consistency it would seem that a rough estimate of SOS for
first-tour enl.sted personnel is about 125% of base pay.
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Such an estimate is likely to be quite conservative. Eaton et al.
found SO$ values obtained with the two methods used in this research to
be about half those obtained with yet a fourth method, the System Ef-
fectiveness Technique, designed to incorporate equilpmient, maintenance,
and other support costs. Burke and Frederick (1984) and Schnidt et al.
(1982) also obtained results suggesting the conservative nature of SD$
values obtained with the So$ Estimation Technique. The use of such a
rough estimate may well make a useful contribution to front end analy-
ses designed to assess the potential utility o. initiating research on,
or implonentation of. a selection and classification testing program.
Table 3 provides figures which make such estimate. relatively simple.
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RELATION OF MENTAL AND EDUCATION LEVELS TO NAVY ENLISTED PERFORMANCE

Charles H Cory'

Navy Personnel Research and Development CenLer

As part of a joint services effort, the Navy Personnel Research and Develop-
ment Center has been investigating the validation of enlisted personnel se-
lection standards against job performance as well as the training school
achievement criteria presently used Personnel-record based job outcome meas-
ures are one type of criterion being investigated. This paper summarizes the
findings from two studies which measured the association of mental and education
levels of Navy enlisted personnel to their performance on job outcome criteria

The first study, conducted on the CY76 male enlisted cohort, investigated
the relationship of education (ED) and mental level (MlL) to 6 job outcome crite-
ria--2 advancement, 2 attrition/retention, and 2 maladaptive behavior criteria.
Relationships were examined within the three entry pay grades in the cohort
E-l, E-2, and E-3.

The approximately 71,000 male, non-prior service personnel accessioned dur-
ing CY76 who were 4-ye3r enlistees and had complete records on the variables of
interest constituted th,' sample The predictors were (1) Educationi Category
coded with three values. Non-high school Graduate=l, GED Certificate=2, and High
School Diploma Graduatez3 and (2) mental level category(ML), coded with five
values 93-99th centile(ML 1)=l, 65-92nd centile(ML 2)=2, 49-64th centile(ML
High-3)=3, 31-48th centile(ML Low-3)=4, and 10-30th centile (ML 4)=5

The two advancement criteria were. (1) percent of time spent a, E-4 or high-
er(PTE4+) and (2) achievement/non-achlievement of E-4 during the 4-year
enlistment(E4/Non-E4) The attrition/retention criteria were (1)
completion/non-completion of enlistment and (2) attrition/non-attrition within
one year of accession The maladaptive hehavior criteria were (1) number of
demotions and (2) overall behavior ecord, a composite score formed from the
number of unauthorized absences + twice the sum of the demotions and desertions

Validities of ED and ML across Ratings

Figure 1 shows the validity coeffioients of ED and ML for the two advance-
ment criteria. The four columns for each predictor represent the validity coef-
ficients for the subsamples accessioned as E-ls, E-2s, E-3s, and 'he total
sample, respectively. Because the scaling of ED and ML are arbitrary and the
focus of the research is to compare their magnitudi s, the absolute values of the
validity coefficients are shown. In other words, for this figure, the negative
coefficients for ML are presented as positive values.

'The opinions expressed in this paper are those of the author, are not
official, and do not necessarily reflect the views of the Navy
Department
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The top part of the figure shows that both education and mental level had
substantial effects on percent of time spent at E-4 or higher during the first
enlistment. Validity coefficients for ED range from .21 to 11 and the validity
of ED overall, without subgrouping by entry pay grade, was 24. Validity coeffi-
cients for mental level ranged from 10 to 25 and the overall coefficient was
27. The predictiveness of ED and ML for E4/Non-E4 was similar to but slightly
iower than for percent of time at E4+.

For attrition/retention criteria (Figure 2) the predictiveness of ED was
from two to three times that of ML, depending on the criterion and the entry pay
grade group. For Completed the 4-year Enlistment, validity coefficients for ED
ranged from .20 to .06 compared with a range for the ML coefficients of .01 to
.03 For Attrited during the First Year, validity coefficients for ED ranged
from .14 to .07, compared with a range of .03 to .06 for ML.

ED was also more predictive for Maladaptive Behavior criteria (Figure 3)
than was ML For Overall Behavior, validity coefficients of ED ranged from .18
to 08. Those for ML ranged from 01 to 02 Coefficients of ED for Number of De-
motions ranged from .09 to 03, those for ML ranged from 01 to .02

Validities of ED and Mental Ability Within Ratings

The predictiveness of edacation and mental ability variables for job out-
come criteria also were studied within ratings The sample 3elected for this
research consisted of personnel in three representative ratings Sonar Techni-
cian (Surface), Hospital Corpsman, and Machinist Mate. The sdimples were taken
from a data base composed of longitudinal records which covered the 4-year
enlistment outccmes of all first-term non-prior service male personnel who were
accessioned during FYs 77, 78, and first quarter 79

The data base contained complete rating and pay grade re'.ords of personnel
during the 4-year period, or that part of it during which tht.y served in their
first enlistmeni , and a calculation of total basic pay, basad on time in each
pay grade. Samples were selected to include all 4-year non-prior service male
enlistees who at some time in their four years had been eitler (1) assigned to
the rating, (2) assigned to formal school training for the rating or (3) pro-
moted to E-4 or higher in the rating. Sample sizes were 956 Sonar Tecnnicians,
2,278 Hospital Corpsmen, and 3,177 Machinists Mates

lor this study the only criterion used was time at E4 or higher, the crite-
rion which had been found to be the most promising in previo.is research This
was measured as Months at the Full Performance Level (MFPL), i.e., time spent at
E-4 or higher

Figures 4 and 5 show the predictiveness for IFPL of the selector composite
which is used for classification into the rating and the three %ariables which
define Navy requirements for enlistment These are AFQT score, Education level
categorization (ED), and SCREEN score. SCREEN, an acronym standing for Success
Chances of Recruits Entering the Navy, is a composite score, scaled from 48 to
96, which is based on AFQT, education, age and marital status Personnel with
scores of 70 or higher are eligible for Navy enlistment SCREEN was developed to
exclude from Navy enlistment personnel who are high attrition risks.
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Figure 4 shows,for personnel accessioned as E-ls. the predictive validity
of AFQT, ED, SCREEN, and the selector composites for the three ratings. Sonar
Technician has the highe-t coefficients overall, and Hospital Corpsman and
Machinist Mate follow in that order Validity coefficients for STGs range from
.10 to .27, with similar ranges for the other two ratings All 12 validity coef-
ficients are statistically significant. For the three ratings SCREEN was the
best predictor of MFPL and ED was a better predictor than AFQT.

Figure 5 shows for personnel accessioned as E-3s, the same type of predic-
tive information shown previously for personnel accessioned as E-ls. These coef-
ficients are much lower than those for E-Is Validity coefficients for Hospital
Corpsman, the most predictable rating, range from .11 to .17 and those for
Machinists Mate, the least predictable rating, range from .01 to .06. Only 7 of
the 12 coefficients in the slide are statistically significant.

Comparisons of this type are not being presented for E-2s because E-2 ac-
cessions are much less common than E-1 and E-3 accessions. E-2s constitute only
about 7% of enlisted accessions, compared with 74% accessioned as E-lh and 19%
accessioned as E-3s Therefore, the sample sizes for E-2s are much smaller than
those for the other two levels, and the predictive relationships are more irreg-
ular

Relative Utility of Personnel Accessioned as E-ls, E-2s, and E-3s

The same data base was also used for calculations to develop a dollar cri-
terion of utility Because the utility relationships were similar for the three
ratings, only those for Machinist Mate are presented Figure 6 shows the rela-
tive performance of personnel accessioned as E-ls, E-2s, and E-3s in terms of
mean months at full performance level, mean total basic pay cost per month at
FPL, and first term attrition rate All four variables have been scaled in mul-
tiples of the lowest value Thus, for the leftmost variable, the mean MFPL of
E-ls is scaled as 1 0 that for £-2 is roughly 25% greater, etc.

Mean months at full performance level for E-3 accessions were more than
twice those for E-Is and about 80% greater than those for E-2s. In contrast, the
mean cost of E-3s per month at FPL was about 35% that of E-is. The reasons for
this large discrepancy in mean basic pay cost per month are shown in the next two
categories. Mean total basic pay costs for E-3 accessions for the entire
enlistment were about 4/5ths those of E-ls and E-2s Since E-3s are paid more
than E-Is and E-2s and they spend more time at E-4+, one reason for their sur-
prisingly small mean total basic pay is shown in the next category to the right
E-3 accessions attrited at nearly twice the rates of E-is and E-2s. Attrition
rates of 28 0%, 24.9%, and 47 3% were recorded fr.r E-1, E-2, and E-3 accessions,
respectively

Statistical Corrections to Improve Estimates of Validity

Although these analyses are preliminary, one gratifying result from them is
that they show that selection and classification variables in the Navy are asso-
ciated with important aspects of enlisted performance Moreover, it is clear
that the predictivenesses of ED and mental ability for job outcome criteria are
even greater than is shown in the preceding figures For instance, inspection of
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the AFQT means and standard deviations for the samples used for the research
showed that restrictions in range had occurred. Correction of the validity co-
efficients for these restrictions in range 6ill produce a more accurate measure
of the predict ve relationships; it will also show them to be larger thaa the
coefficients presented in Figares 1 through 5.

Also, because tne shapes of the distributions of both ED and IL differ sub-
stantially from normality, the actual maximum validity coefficient is substan-
tially less than the theoretical maximum, I The departure from normality was
the most proncunced for the ED distribution. 19% Non-HS Grad, 7% GED, and 74% HS
Grad--an asymetrical U-shaped distribution.

Estimates of the effects of these departure% from normality on the effec-
tive in imum validity coefficients for the predictors in the CY76 conort were
made. For this step a method recommended by Carrull was usee to calculate the
effective maximum correlation coefficient, given the non-normal characteristics
of the ED and ML distributions for two criteria Percent of time spent at E4+ and
Completion/Non-completion of Enlistment. The maximum coefficients for ML for
PTE4+ and Completion/Noncompletion were .91 and .57, respectively, and for ED,
.42 and 64.

This substantial shortfall of the maximum rs from the theoretical maximum,
1 00, indicates that both ED and ML are more strongly related to the performance
criteria than the absolute magnitudes of their validity coefficients indicate
This is particularly true for ED-PTE4+ ED accounts for 33% of the explainable
variance of PTE4+, rather than 6% of the vaziance as is indicated by the abso-
lute magnitude of the computed coefficient

Summary and Conclusions

These research findings support the following conclusions. (1) The educa-
tion level, mental ability and SCREEN variables which are used for enlisted se-
lection in the Navy are significantly predictive for important job outcome
performance criteria, both within and across ratings (2) ED 3nd mental ability
are obout equally predictive for advancement criteria, but ED is much more pre-
dictive than mental ability for attrition/retention and maladaptive behavior
criteria. (3) Selection and classification variables are more predictive of job
outcome variables for E-1 accessions than for E-3 accessions. (4) Adjustment of
the data to compensate for the distortions caused by departures from normality
of the distributions of the predictors and restriction in range can be expected
to show that the true predict.veness of these variables for job outcome criteria
is even greater than the substantial coefficients found in the present research
(5) The practice of accessioning qualified personnel at E-2 and E-3 pay grades
is a very cost effective way of providing to the Navy enlisted personnel who can
perform effectively at the full performance level.

This report describes preliminary findings from research designed to de-
velop a methodology for calculating a composite job outcome measure which ex-
presses an individual's overall value to the Navy The research will continue
during FY86 and beyond
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SELECTING CRITICAL TASKS FOR A RADIOMAN
HANDS-ON PERFORMANCE TEST

Herbert George Baker, PhD
and

Gerald. J. Laaos, PhD

Navy Personnel Research and Development Center
San Diego, California 92152-6800

Selecting an array of critical tasks is one of the most important
steps in developing a hands-on 3ob sample test. This paper describes
the procedures used in critical task selection for the Racioman (RM)
performance test and for surrogate instruments.

Background

In cooperation with the Joint Service Job Performance
Measurement/Enlistment Standards Project, the Navy is exploring
relationships between predictors and various measures of 3Oo
performance. The main objective is to investigate measurement
approaches that might be used to mdke personnel classification more
performance-based. The outcomes of the research may allow a recruit's
potential for successful on-the-job performance to be considered more
fully in the personnel accessioning process, perhaps through the
addition or an additional algorithm component in the automated
classification and assignment system.

The ooservation ot joo performance would seem to be the ultimate
basib upon which to validate tests used to screen military
applicants. Thus, the strategy of the Joint-Service Project is to
construct hands-on performance measures and investigate the use of
these measures as criteria for predictor validation, with a major
research focus on the development or job sample tests ot technical
proficiency.

The institution of a service-wide program to obtain performance
criteria via job sample testing would be prohibitively expensive.
Therefore, a concurrent research focus of the Joint-Service Project
is the development ot economical substitutes, or surrogate tests.
Costs will be reduced by using hands-on performance tests as
benchmark performance measures and developing substitute measures
that are less expensive and easier to administer, such as
paper-and-pencil or computer simulations of joo samples.

Radioman Performance Test Development

The Radioman rating is one of the jobs selected by the Navy for
performance test development because it is critical to mission
success, has a large population -- including substantial numbers of
women and ethnic minorities -- and is similar to radioman jobs in the
other armed services. In accordance with the Joint-Service research
strategy a job sample test is being designed and developed, along
with a job sample simulation and a set of rating scales. This work is
being performed under contract by the Human Resources Research
organization (HumRRO) and the Personnel Decisions Research Institute
(PDRI).
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Critical Task Selection

For the job sample test under construction to b? valid, it must
adequately represent the important tasks done by first-term radiomen.
in fact, the validity of the entire test package -- the hands-on
test, simulation, and rating scales -- depends on the method used to
identify and select tasks to be tested. Critical task identification
and selection is the first and perhaps most important step in the
test development process.

The Navy and its contractors have completed this first step,
gathering information on critical tasks from subject matter experts
(SME) who aie senior enlisted personnel in the RM rating. As an
additional check on the data gathered from RMs working in the fleet,
a Quality Control Review Panel (QCRP) composed ot additional SmEs was
formed. This was done by soliciting nominations for panel membership
from neadquarters, school, and operational Navy commands that have
cognizance over the RM rating. This panel will provide expert review
ot the work at each step in the process, assuring the highest quality
end-products. In addition, it will establish an audit trail,
facilitating acceptance of the final test package by the commands
whose representatives are on the panel.

Out or the plethora of tasks done by RMs, a manageable subset must
be selected as candidates for the development ot hands-on test items.
These items will be the critical job tasks that can feasibly be
measured in the hands-on mode, and in turn will guide the development
ot substitute, or surrogate, test items. To guide critical task
identification and selection, we have adopted Guion's (1979) paradigm
for reducing the job to a 3ob sample (Figure 1). His four major steps
include oetermining the: (1) job content universe; (2) job content
domain; (3) test content universe; and (4) test content domain.

Job Content Universe

Job Content Domain

- Test Content Universe

- Test Content Domain

Figure 1. Venn diagrams relating job content to test content

(adapted from Guion, 1979)

Job Content Universe

The RM job content universe was defined by a comprehensive job task
analysis. Two sources of information were used: Data from the Navy
Occupational Task Analysis Program (NOTAP), which is used to develop
the RM occupational standards; and the Job Task Inventory (JTI),
which is used in developing the entry level training (i.e., A-School)
RM curriculum. The two task analyses overlap considerably and contain
500-600 different job task statements.

781



Job Content Domain

Next, the job content domain for first-term RMS was specified. The
original 4ist ot task statements was refined and reduced through two
workshops that included SMEs who were supervisors ot first-term RMs.
Both snip and shore installations were represented. Seven senior Navy
enlisted personnel and one civilian attended the first workshop wnich
was held in San Diego. Then, the shortened list was further refined
at a second workshop held at Norfolk, in wnich seven senior Navy
enlisted personnel participated.

To ensure that all task statements were written at the same level
or generality, subtasks were accumulated into more comprehensive
tasks, wnile broader, more general tasks were separated into their
constituent parts. The Joint-Service research strategy addresses
tecnnical job proficiency only; that is, it specifically excludes
purely military or routine administrative tasks, as well as other oo
performance considerations such as team tasks, and motivational,
situational, or stress factors. The workshop panels deleted tasks
falling into those categories, as well as tasks not within the normal
purview or tirst-term RMs.

A list containing 125 task statements resulted. These statements
were evaluated by the review panel, who gave approval to a final list
that included 127 task statements. These tasks comprise the
technical proficiency domain of first-term RMs.

Test Content Universe

The next step in the procedure was to determine the test content
universe. Put simply, this universe potentially embraces all those
tasks that could possibly be included in a hands-on test, plus those
elements necessitated by the testing situation. The testing situation
includes such things as those conditions that are imposed to achieve
reldtively standardized testing and the procedures used to observe
and record responses. For the RM rating, the test content universe is
essentially the same as the job content domain, except for the
addition or the required testing conditions, and a way must ba found
to reduce the size of the test content universe to manageable
proportions. That is, some pr'orities must be established to guide
task selection.

One or the typical methods to set task selection priorities is to
gather information on the criticality of performing each task
correctly. Consequently, the Navy launched an extensive survey effort
to gather judgments from personnel in the rating, for use in setting
task belection priorities. The 127 task statements were incorporated
in d questionnaire, the Radioman (RM) Sarvey Form, designed to
isolate the critical first-term RM job tasks.

The review panel addressed four proposed 3udgment scales;

1. frequency or task performance by first-termers,
2. difficulty or complicatedness ot the task,
3. importance ot the task to mission accomplisnment, and
4. frequency of errors on performing this task by first-termers.

782



As a result of the review, the scales were changeo to reflect
absolute rather than relative judgments, with the review panel
providing the scale values or anchors. The questionnaire was
deveioped in two forms: one for first-term RM personnel (defined as
RMs with tour or less years of active duty), and one for supervisors
(those RMs with between four and ten years of active duty).
First-term RMs 3udgeo the frequency and difficulty or the tasks;
supervisors judged the task importance and error frequency. The RM
Survey was pilot tested on board a ship, using a small sample of RMs
and supervisors.

The review panel also assisted in developing the sampling plan for
distribution of the RM Survey Forms. Panel consensus was that the
joDs or rirst-term RMs probably differ depending primarily on whether
the joD is situated in a large or a small communications facility.
Other differences might accrue dependent on the job site: that is,
ship or snore installation. Therefore, hull types and shore
installation types were both dichotomized by the panel into large and
small categories.

Using the Enlisted Master Tape, the total number of RMs (both
first-term and supervisor) assigned to each Navy facility categorizeu
by the review panel was determined. Population totals in each of the
four cells made oy crossing facility size by sea/shore location was
used to determine the number of questionnaires to be mailed.

Because the data to be collected that had the most variabiity
consist or the proportions of personnel performing tasks, the simple
random bampling formula for binomial data (with cotrection for finite
populations) was applied to each celi. This ensured an adequate
sample tor each of the four potential joD subtypes, should separate
tests ldter prove necessary; that is, if a common core test can not
be achieved.

In view or the fact that each cell includes a number of 6ifferent
types or snip or snore irstAllations, the sample was drawn
proportionally within each cell according to installation type. The
PQ split used in the sampling formula was worst case (i.e., .5), the
level ot tolerance was .10, and the probability level set at .95.
Thus:

N'

I + N/Population

The final questionnaire was sent to approximately 500 first-term
RMs and 500 supervisors of RM personnel througnout the world. To
facilitate timely return of the questionnaires, personnel assigned to
ships that were deployed, on overseas cruises, or in overhaul status
were eiiminated. Excepting this restriction, sampling was random. The
review panel asserted that there is no difference whatever in the RM
joo between overseas and CONUS locations. Therefore, we expect this
exception to have no bias on samopling and consequently no erfect on
task belection.
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The questionnaires were addressed to individuals by name, and
deilvered via the commanding officer. Completed questionnaires have
been receivea and their information entered into a computertizeo data
base. Figure 2 reflects total sent, returned, and usable
questionnaires tor each sampling matrix cell.

$ 91

140 192

8S2

Figure 2. Questionnaires sent and returned
]

Test Content Domain

While final analyses are not yet complete, preliminary data
indicate that we obtained reliable judgments. PDRI researchers
caiculated intraclass correlation coefficients for the two major

scaies (frequency and criticality). These reliabilltles were

corrected using the Spearman-Brown formula. Ali were in the .90s.
Similar calculations could not be done on the percentage performing

or complicatedness scaies because the absence ot a rating for a task

not performed or supervised could not be given a score. Thus, the
frequency and criticality scales will be given emphasis in

identifying and selecting the sample of tasks for item development,
with less weight given to the scales pertaining to errors and

complicatedness (which also showed more restricted variability across

tasks).

To ensure that the job of the first-term RM is adequately
represented in the final sample of tasks, functional job categories
were superimposed on the set of 127 tasks. Final selection will be
proportional to the number of tasks included in a category rather

than trom the entire list.

In order to derive the 3ob categories a taxonomy of tasks was

developed at a workshop comprised of 12 senior staff personnel drawn
from the Navy's entry level RM training course in San Diego. Cards
containing the 127 task statements were sorted into categories ot

tasks that are ot the same type or that deal with the same type of

equipment. The sort yielded the following categories: (1) Preparing
and processing messages/Establishing communications; (2) Setting up

equipment; (3) Maintaining equipment; and (4) Handling secure

materials.
.....................................................................
1iPersonal communication. Mr. S. Lammlen, PDRI, 23 October 1985.
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The judgments made in the questionnaires will guide task selection.
A successive hurdles technique will be employed to obtain the final
job sample. First, the most critical tasks in each category will be
selected. Then, tasks with low frequencies or low percent performing
or supervising ooth overall and within each of the sampling cells
will be replaced. Finally, tasks that have low values in percentage
or performance errors or complicatedness will be replaced. Figure 3
summarizes the task selection procedure. Tasks will be subsumed
within the four functional categories, with each category reflected
in the final test composition by at least one task. Ultimately, the
test content domain tor the RM rating will be a sample ot the 127
tasks, organized into functional categories.

1. Select tasks with overall most critical ratings

2. Replace any tasks with:
a. low frequency of being performed
b. low percentage of sampling populations performing
c. low percentage of performance errors
d. low complicatedness

3. Ensure proportional representation by category

Figure 3. Successive hurdles for final task selection

It is important to note #hat, at this point, none ot the 127 tasks
has been eliminated because it is unsuitable for hands-on testing.
The complete list of tasks selected as a result of the survey will be
presented to the review panel for its judgment as to suitability for
testing in the hands-on mode. Unsuitable tasks, if any, will be
replaced using the procedures used in developing the original sample.
Subsequently, a hands-on test, computer-based simulation test, and
set or rating scales will be developed.

Summary

Because no hands-on tests exist for measuring on-the-job
performance, it was necessary to design and develop them. In turn,
this required selecting critical tasks for which hands-on test items
will be developed. Critical task selection was accomplished by an
approach that combines supervisor and job incumbent questionnaire
response through survey administration with quality control checks
exercised through experience-based expert judgment. The result is a
meaningful and manageable subset of tasks that can be converted into
performance test items. The procedures used to obtain the jOb final
sample ensure that the tests will have the highest possible content
validity. We expect the results of critical task selectior etfort to
materially contribute to the success ot the Navy job performance
measurement program, and ultimately to enhanced selection,
classification, and assignment methodology.
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Cognitive Predictors of MIl Tank Gunner Performance
Barbara A. Black

U.S. Army Research Institute-Fort Knox

Potential weapon system capability and achieved capability differ
in large measure as a function of crew performance. To maximize Armor
system effectiveness, the U.S. Army is committed to optimally selecting
and training tank crewmembers Within the four-man tank crew, specific
emphasis has been placed on identify:ng soldiers who possess the requi-
site aptitudes and abilities to become proficient Armor tank commanders
(TCs) and gunners. Early identification of these high-ability soldiers
can lead to improvement in overall tank crew performance and in the
cost effectiveness of training programs.

The realization of this goal is contingent on possessing the capa-
bility to measure abilities that have been identified as critical to
job success and then being able to demonstrate the relationship between
those abilities and actual job performance. The first step in this
process is the analysis of job requirements for each position unoer
consideration; the second step is the development of ability measures
or tests. The U.S. Army Research Institute has for several years con-
ducted research in job analysis and the development of tests for the
prediction of Armor crewmember performance. This research has involved
the development of tests for predicting success in basic and advanced
individual Armor training, as well as in operational units.

Both job sample and paper-and-pencil tank gunnery predictor tests
have been evaluated by ARI over a period of about ten years. The re-
sults of a meta-analysis completed on 15 of these data sets indicate
that job sample tests were, across studies, better predictors of per-
formance by job incumbents than were paper-and-pencil tests (Black &
Campbell, 1982). Drawbacks to job sample testing do exist; they are
similar to those identified from the psychomotor testing programs of
the 1940s and 1950s: cost, increased administration time, and equip-
ment unreliability (Melton, 1947). However, the advent of
microprocessors and the increasing availability of high fidelity simu-
lators may remove or reduce several of the major concerns in the use of
job sample tests, specifically, the requirement for special equipment,
the need for continuous calibration, and the difficulties involved in
unit-collocated testing facilities. Job samples tests developed for
incorporation into on-line or forthcoming unit-located simulators may
improve the cost effectiveness of testing, reduce testing time require-
ments, and eliminate thQ need for special equipment apart from the
simulator itself.

In addition, certain demographic variables have been found to
correlate with tank gunnery performance across numerous studies for the
past few years. These findings characterize the successful tank crew
as being commanded by (a) a noncommissioned officer (NCO) with more
time in the TC position than other TCs, (b) a TC who has trained longer
with the gunner with uhom he fired (Eaton & Neff, 1978), and (c) a TC

786



who has a history of having qualified crews (bie-s & & jer, 1982). None
of these findings is particularly unexpected, but unfortunately, none
is useful in the early identification of high-performing TCs. Yet t!':s
information is valuable in terms of providing data on variables whose
covariance with the predictor measure may obscure the relationship of
interest.

Initial efforts to evaluate predictors of crewmember performance
in tank firing, driving, and loading used paper-and-pencil tests be-
cause they are the most cost effective and least time-corsuming ap-
proach to performance prediction. Greenstein ano Hughes (1977) used
Armor trainees and limited their effort to the use of paper-and-pencil
tests in the psychological literature or in use by the Army at tnat
time. For example, they included Lauer's 01952) tests of Visual Memory
and Attention-to-Detail, as well as the Armed Forces Oualification Test
(AFQT) and three composites from the Army Classilication -attery (PCB):
Combat Operations (CO), Field Artillery (FA), ano Motor Maintenance
(MM). Significant correlations were obtained b-tween the
paper-and-pencil tests and loading errors and driving performance. None
of the I1 paper-and-pencil tests in the study predicted tank firing
scores. However, in a study commonly referred to as the Gideon report,
Wallace (1982) presented the results of the 1982 Earopean Canadian Cup
trophy competition. He correlated the AFQT scores of tank comzanders
on the American team with their crew's live-fire gunnery scores and

obtained a coefficient of .739 (p < .01, N = 13). The correlation
between AFQT for the gunner and firing score was not significant. This
z~bearch has prompted considerable interest in the existence and
strength of relationships between the mental abilities of crewmembers
and successful tank crew performance.

Scribner (19841 cited by Phillips (1985) in his report on Career
Management Field (CMF) 19, found significant relationships between
gunner/TC AFQT and tank Table VIII firing scores for 1131 tank crews
training in Europe. This effort represents the largest database from
which AFQT relationships have been obtained for live-fire performance.

While previous research indicates that certain testing techniques
Pold promise for Armor cremerber performance and more information is
now available concerning important intervening variables, the availa-
bility of appropriate and useful c-iteria against which to valicate
predictor testb has remained a problem. Criterion measures used in
past research include scores form live-fire gunnery exercises, Multi-
ple Irtegrated Laser Engagement System (MILES) exercises, supervisory
ratings, peer ratings, Skill Qualification Tests (SQTs), tests admini-
stered du-ing the course of normal Armor training. Efforts to e>plain
the inconsistencies found in past research have brought to light many
aisadvantages associated with the current job performance criteria
available in Armor, especially those associated with gunnery.

Scores ootained from live-fire gunnery exercises often provide
data that are not cdmparable between units or even between tanks. It
is conceivable that with a company of tanks firing over a period of
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several days, the condition of the weather, tank eouipcent, and range
equipment could change to such a degree that no tanks fire the same
engagements. In addition, for any specific tank, changes in ammunition
characteristics, equipment performance, anc firing conditions may re-
duce the reliability or increase the error variance for within-tank
performance measures. Thus, low reliability of the criterion measure
may have been a large contributing factor to the relatively inconsis-
tent findings of .ast research.

In addition, it should be pointed out that tank gunnery tables are
collective exercises. Engaging targets and measuring the results of
those behaviors in such values as "time to engage" or "proportion of
hits" produces a crew-level evaluation or, in the case of a Table IX
exercise, a platoon-level evaluation. The relative contributions of
indiv:dual crewmembers are difficult to ferret out. In fact, it is not
uncommon for unit commanders who are short on high-quality personnel to
pair mature, experienced TCs with novice or ineffective gunners to
ensure that the tank crew will be rated "qualified." On the other
hand, very effective gunners may find themselves in crews with ineffec-
tive TCs and fail to qualify their tanks during annual gunnery, thus
making it virtually impossible to use the results of tank table exer-
cises to make statements about individual performance.

The present effort involves the evaluation of a battery of Mi
gunner performance prediction tests. Specifically it is an evaluation
of the relationship between AFQT and the irdividual performance of
guiiers, using ratings from their supervisors, hands-on tests, and the
crew/collective criterion, Table VIII gunnery. By virtue of the human
factors engineering of the M1 tank system, the M1 gunner has more re-
sponsibility for fire control than the gunner on any other U.S. tank
system. This increased responsibility, combined with the knowledge that
fr- the soldiers selected and assigned as gunners come the future tank
commanders (TCs) of the Armor force, makes it important to optimize the
selection and assignment of MI gunners.

METHOD

Subjects

The subjects, 123 MI tank gunners representing four battalions,
were selected for participation based on supervisors' ratings. Ratings
were completed by company commanders and a senior NCO chosen by the
commander. The two raters from each company were instructed to reach a
consensus rank order for gunners, based on each gunners' demonstrated
ability in perforwing gunnery-related tasks and cn their availability
for testing. Raters were asked to disregard gunners' performance in
such nongunnery areas as military courtesy. In addition, raters were
asked to consider the gunners' performance apart from that of their
respective tank commanders or crews; that is, to rate gunners high if
they were proficient, even though their crews may not have qualified on
the most recent gunnery. Eight gunners 6ere selected for testing from
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each comnany. The four rated most proficient in each company and the
four rated least proficient were tested. One company was exempted from
the testing because of prior commitments. Thus two groups were formed,
highl) rated gunners and gunners receiving low ratings.

ASVAB. Four subtests from a research version of the Armed Serv-
ices Vocational Aptitude Battery (ASVAB) were used to obtain estimates
of soldier scores on the AFQT. Due to time constraints imposed on the
overall testing process, a scaled-down version of each subtest was
used. Subtests were shortened by randomly selecting 50% of the ques-
tions for administration. The AFQT consists of a combined score ob-
tainec from the following ASVAB subtests: Numerical Operations (NO),
Paragraph Comprehension (PC), Arithmetic Reasoning (AR), and Word
Knowledge (WK).

Tracking Test. This hands-on test used a snakeboard, an MI tank,
and an M55 laser boresighted with the main gun. A specially built
device was used to pulse the laser automatically once per second for
periods of 60 seconds. Soldiers were instructed to us- the gunner
station power control handles to track the snakeboard 12 times, 6 times
from left to right and 6 times form right to left. To determine the
gunner's accuracy on each trial the test administrator counted the
number of laoer pulses that fell on the snake. Speed was determined by
recording the location of the final pulse, thus indicating the distance
tr-cked during the 60-second trial.

MI Computer Panel Test. Soldiers were tested on three operations
of the M1 ballistic computer by means of a microcomputer-oontrolled
simulation of the Ml's computer panel. The simulator used a screen
digitizer or touch panel placed over the face of a 12-in. color woni-
tor. The operations consisted of enter - check data (ECD), and run
computer self-test (CST). The software for the MI computer test was
developed to provide the soldiers with 3 instructional trials for each
type of operation followed by 10 scoreI or test trials. The number
correct on each operation and the time required to complete each test
trial were recorded.

Criterion neasures. The criterion measures )ricluded the supervi-
sor's ratings and Table VIII scoresheets from the soldiers' most recent
gunnery. Each gunner's overall Table VIII percentage was recorded as
were the totals for day and night. Subtotals were also computed within
both day and night scores for the moving main gun engagements.

Procedures

The validation effort was conducted double-blind; that is, neither
the soldiers tested nor the test administrators were a,.are of the su-
pervisors' ratings. The testing schedule allowed four soldiers to be
tested in the morning and four in the afternoon. Sixteen days were
required to test 123 gunners.

789



RESULTS AND DISCUSSION

Analysis of the data was completed in three steps: a) descriptive
analyses by battalion, b) correlation between job sample measures and
AFQT, and c) a break-out of performance by mental category.

Means and standard deviations for AFQT were computed for each bat-
talion. No significant differences were found. However, significant
differences were found among battalions for performance on the job
sample tests: tracking and M computer panel. For this reason raw
scores were converted to z-scores for all subseouent analyses.

Significant correlations between job sample measures and AFQT are
presented in Table 1. It is interesting to note that AFQT correlated
with number of hits for the hands-on tracking task (r =.360, p <
.000i), indicating that guners with higher AFCTs nad more hi2; that
is, they were more accurate. Because tracking hits (accuracy) and
tracking distance (speed) were negatively correlated (r = -.444, p <
.0001), it is conceivable that gunners with a higher AFQT approached
the tracking test with a greater emphasis on accuracy than did low AFQT
gunners. Tracking distance did not correlate with AFQT. It is not
possible to test the interaction between AFQT and the speed/accuracy
tradeoff with these data.

Table 1
Job Sample Measures That Correlated with AFQT

Tests and Measures r (p <),

Tracking

Number of Hits .360 (.O001)
Composite Hits and Time .316 (.0004)

MI Computer Panel

Enter-Check Data (ECD Correct .214 (.01721
Enter-Check Data (ECD) Time -.513 (.0001)
Enter-Check Data (ECD) Composite .444 (.0001)
Computer Self-Test (CST) Time -.339 (.0001)
Computer Self-Test (CST) Composite .237 (.0082)

AFQT is more commonly reported in its grouped or categorized form,
that is, by AFQT category rather than by percentile. When gunner per-
formance on three job sample measures is presented by mental (AFQT)
category the contrasts are striking. Note in Table 2 the drop in per-
formance for category 3B and 4 soldiers. The measures presented in-
clude time and accuracy composites for the two MI Computer Panel tests
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and a General Ability Cocpvsite (GAC) formed by totaling the two Com-
puter Panel composites and a time/accuracy composite from the Tracking
Test. The GAC was developed using stepwise regression techniques; it
was found to yield the most accurate prediction of AFQT. ;verage gun-
ner scores were obtained by taking the average standardized score,
adding a constant, then multiplying by 100. The correlation between
GAC and AFQT was r = .49 (p < .0001).

Table 2
Average Gunner Score by AFOT Category

AFQT Category
1 2 3A 3B 4

Job Sample (N = 13) (N z 41) (N = 27) (N = 17) (N - 25)

ECD Composite 198 141 139 47 19
CST Composite 170 151 91 55 10
General Ability Composite 346 211 105 26 5

The AFQT measures correlated with the high cognitive weighted
tasks for gunner--ECD and CST on the M1 Computer Panel but not with the
Table VIII scores. Because job sample tests were constructed with a
combat criterion in mind, the snakeboard used in the hands-on tracking
task involved tracing an extremely circuitous route, more similar to a
threat target employing evasive maneuvers than to the slow-moving flank
silhouette targets normally found on a Table VIII range. Thus one
might conclude that if Table VIIIs were designed to more accurately
mirror threat scenarios, the relationships between job sample tests or
AFQT and live-fire gunnery might be easier to establish.

Conclusion

The present effort has involved the development and evaluation of
skills tests for use as combat performance predictors. No relation-
ships were observed for the supervisors' ratings and Table VIII day
scores. These findings suggest that a UCOFT-implemented job sample
testing approach may be more appropriate. UCOFT will allow high fidel-
ity simulation of threat scenarios without the concomitant costs and
safety hazards associated with a live-fire exercise.

Pending further research on job sample ability testing, a multiple
hurdle approach to Y1 gunner and tank ciniander selection may be sug-
gested. Job sample ability testing for position-specific requirements
may be combined with the on-site commander's evaluation of crewmember
performance. This testing may offer a feasible approach to crewmember
selection. Further research is required to assess how joh sample test-
ing can apply to tank commander selection.
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A Retrospective Analysis of
Instructional Technology Innovation

Using General Systems Theory

Ana G. Ekstrom
U. S. Army Research Institute Field Unit

Presidio of Monterey, California

The U.S. Military today operates in a worldwide, multi-lingual, multi-
cultural context. The ramifications of this fact on linguistic training
requirements presents a formidable challenge. There is a consistent need for
a vast and constantly replenished supply of linguists trained in a wide range
of languages with specialized skills to perform many and diverse tasks.
Organizationally, the training requirement includes the capacity to teach even
obscure infrequently needed languages as well as the ability to respond to the
periodic, sudden and often unpredictable surges in demand for a particular
language as military requirements develop.

The Defense Language Institute Foreign Language Center (DLIFLC), the
foreign language training arm of the military, has found, despite claims made
for various methods -- from Berlitz to Super Learning -- that learning a
foreign language is a time-intensive process. Yet linguist personnel must be
rapidly trained to functional levels of proficiency if the military is to
benefit from short term enlistments, as well as meet surge requirements.

The use of interactive video in foreign language instruction has high face
validity. Beyond the learning enhancement provided by multi-sensory
presentation of instructional materials, interactive video offers the capacity
to present a language in realistic situational and cultural contexts wherein
the ability to understand and make computer responses, visibly results in
simulated real-world consequences. Organizationally, a machine-based
instructional system affords a versatile and flexhI.j means of augmenting
existing teaching structure, thereby potentially increasing institutional
flexibility.

To take advantage of potential technological contributions to training
capacity, DLIFLC established a specialized office to examine innovative
instructional technologies. The New Systems Training Division (NST),
identified the potential of the interactive videodisc in foreign language
education and began preliminary exploration of developmental feasibility.
This preliminary exploration led to what would ultimately become a complex
"system" of individuals and organizations with the objective of field testing
a Video Enhanced German Gateway Program (VEGG). *

* The term VELVET (Video Enhanced Learning Video Enhanced Testing) has been

adopted by the developer for the video materials. The evaluation, concerned
with assessing the use and impact of the materials on the German Gateway
Program, rather than evaluating the materials themselves, uses the VEGG
acronym.
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This paper uses the evaluator's experience and knowledge of the VEGG
system to illustrate the principles and etility of a systems perspective.
This is not a report of findings and conclLsions of a system evaluation.
Rather it is intended as an example of how a systems perspective can assist in
the organization ind interpretation of events, actions, and reactions
experienced in evaluation efforts even where the evaluation itself is not
explicitly system oriented. We will begin with a desetiption of the VEGG
system in terms of its components and then illustrate the system principles
described by Atwood (1985) using examples drawn from the VEGG system.

Initial development processes entailed feasibility and needs assessments
related to materials development and the establishment of support within the
military system to provide the requisite authorization, funding, and
sponsorship base. The components of this particular instructional technology
development system evolved incrementally with organizational units added in
process. First requirements were for a "test bed", materials development
personnel, equipment, and initial funding. The test bed requirement brought
in the German Gateway Program (GG), materials development added two
contractors; start-up equipment and materials development funding was provided
by the Army Communicative Technology Office (ACTO) which became the technical
sponsor; and test/evaluation funding was provided by the Training Development
Institute (TDI) which became test sponsor. TDI subsequently tasked the Army
Research Institute (ARI) with evaluation responsibility. TRADOC
reorganization turned TDI into a new office of Training Technology Agency
(TTA) and ACTO into Communicative Education and Training Systems Management
Office (CETSMO) with consequent changes in personnel and uncertain
sponsorship.

As the project moved toward the implementation phase, contractor and
equipaent funding were assumed by the National Security Agency (NSA) and only
one of the two original contractors being retained. Within DLIFLC, quality
assurance and research components were identified to review instructional
materials and evaluation procedures respectively. Arrangements for video
production were made with specialists from Ft. Dix and a full time Subject
Matter Expert (SME) was provided to the project by the DLIFLC German school.

With the major VEGG system components now identified, we can examine the
VEGG system applying Genzeral Systems Theory. The illustrations are
necessarily drawn from the view available from the evaluator's window.
Looking out the window of a different system component would certainly give a
very different picture of the system itself as well as supply a whole
different range of experiences from which to draw.

Synergism

Synergism is an outgrowth of regularized interaction, communication, and
coordinated activity in the shared pursuit of system objectives. Time,
distance, structural arrangements, expertise, and policies all impact on
system synergy. Momentum in project oevelopment can be seriously affected by
interruptions. The VEGG project experienced more than a one year delay
between contractor selection and contract oard for start-up activities and an
additional one year postponement of field testing while awaiting completion of
instructional materials. Such delays may divert evaluator and contractor
focus and energies away from system objectives and into other projects, and
reduce levels of interest, commitment, and involvement of sponsors and test
units. 793



Conversely, delay may also serve positive functions by allowing
participating units to accommodate to system requirements -- especially in the
early stages of development. For example, the SHE has a critical function in
this system as the intermediary between developers and GG, translating
language and instructional requirements into programmable lessons. The
previously mentioned contracting delay provided the time needed for the SHE to
arrange to be released from teaching activities and to complete test
development responsibilities. In this instance, the delay facilitated project
development by enabling the SME to devote full time to instructional
development when the project got underway. Likewise, the same period provided
the evaluator (AR) with the opportunity to become more familiar with the
specialized areas of foreign language education and interactive video systems.

Ideally from a synergy point of view, core development staff (and perhaps
evaluator staff) would share a common central facility. Where this is not
possible, means of communication and feedback which simulate this type of
working environment need to be established. The VEGG project began
development efforts relying on the mails, phone calls, and periodic site
visits back and forth to coordinate DLIFLC and contractor efforts. The
contractor sent completed lessons to DLIFLC for review. Feedback,
corrections, and suggested changes were phoned or mailed back. Prompted by
something of a crisis created by the delay in materials development, direct
telephonic computer links were established between the contractor and NST
enabling instant feedback, correction, and literally simultaneous
developmental effort to occur.

System Structures

Lines of authority and division of responsibility define vertical and
horizontal structure respectively. When control of decision-making and
resource allocation resides within the development system, the system is able
to organize to achieve its objectives. When major control does not reside in
the development system, it can only be understood as a sub-syctem within a
larger system(s). Under the latter condition, the development system's
objectives may become secondary to primary objectives of the larger
system(s). Resources then must be negotiated and participants may be subject
to conflicting authority.

ARI's orig~nal relationship to the VEGG project was on a Technical
Assistance Service (TAS) basis which is by definition a short-term, limited
resource effort. This TAS-level relationship specifically defined ARI as a
limited stakeholder in the VEGG system. The long-term intensive commitment
required for a systematic systems evaluation is precluded - - the VEGG
system's evaluation resources could be diverted at any time into ARI's primary
program objectives. In addition, ARI evaluation staff is subject to both the
authority of the ARI structure in determining evaluation design features,
procedures, and time commitments and to the German Gateway management in
defining permissible data collection intrusions into the program.

By virture of his position as intermediary for a number of components of
this system, the SME is even more enmeshed in multiple lines of authority. As
translator of foreign language pedagogy into technology based instruction, the
SHE may be caught between the conflicting policies or needs of the various
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components of the system. For example, GG instructional policies demand

exclusive use of German in educational materials. This GG policy came into

direct conflict with an NST/contractor decision to use limited English to

support students' initial use of the IVD, resulting in directly opposed
demands on the SME. This illustration exemplifies a type of technical issue

that emerges in the course of converting conventional instructional methods to

media-based technologies.

As evident from the above, lines of authority determine where critical
decisions are made, by whom, and in terms of what objectives. Depending on

their impact on system relations, decisions also promote, build on, inhibit,

or destroy system synergy.

Stability

The ability to achieve a degree of internal stability is required to

function in terms of system goals. At the same time, Instructional technology
development systems must overcome stability in the existing educational

structures in order for technological innovations to be adopted. The VEGG
project faces both challenges.

The process by which the VEGG system was constituted was essertially
additive. That is, units were added as required by either the system's

purpose or as imposed by external authority. The result of this process is

something akin to a perpetual motion system forever adjusting to the
requirements of new components. To illustrate from the evaluator's

perspective, ARI, in its evaluation effort, identified the inadequacy for
evaluation purposes of the existing student performance measures used in the

GG program. This necessitated the development and administration of a new
test, a requirement which, when combined with oata collection needs,

significantly added to the responsibilities of teaching and testing staff of

the CG program. When the contractor added evaluation staff approximately half
way into the baseline data collection (contractor funding actually occurred

after data collection had begun), weaknesses in evaluation measures were

identified by their foreign language specialist evaluator which imposed
additional requirements on ARI and DLIFLC system components. Still later, a

DLIFIC researcher entered the system (newly hired to fill a newly created
position) and identified additional contractor evaluation responsibilities.

The disruptive influence of these events might have been averted if an
evaluation component, operating from a systems frameworK in the early stages

of development, had facilitated a broader more realistic perception of the
nature and requirements of the overall program.

A systems oriented evaluation also would have broadened the scope of
outcome concerns to include examination ol processes and relations which

facilitate adoption of technology once developed. On the VEGG project two

contractors were involved in preliminary f-asibility and needs assessment

activities. One contractor, with both technical and linguist capability,
developed a product - - an interactive videodisc demonstration lesson. The

other contractor, lacking linguist capability, operated as a consultant,

training members of the DLIFLC staff in design concepts and assisting them in

developing sample lesson designs. From the larger system perspective, the

product is the desired ovtcome. Products can be more efficiently acquired

from a contractor than by expending limited and essential specialized German
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instructional staff resources in product development.

The selection of the first contractor established a "product model" kRutt,
1984) relationship between the contractor and NST/GG in the development
system. This selection limited the demands made of GG staff to that of
insuring product quality/acceptablity for their program. This decision
reduced both the potential strain on DLIFLC German staff resources and the
dependence of the developmental system on those resources. At the same time,
it reduced the GG stake in the system. The second contractor, requiring
DLIFLC German language and instructional expertise, would have necessarily
involved the German staff to a far greater extent. This involvement might
have fostered greater appreciaton for developmental issues and strengthened
investment in the final product and its use In the program.

Optimization

"If sub-systems operate to optimize their own tndividual performance the
net result will almost never be overall system optimization" (Atwood, 1985).
Several examples from the VEGG system illustrate this point.

In the case of the previously described successive efforts to modify the
evalution design, one component proposed modifications in the evaluation
design which would have strengthened the evaluation but would have expanded
data collection efforts. The outcome was that the system collectively
operated to limit expanded data collection due to the excessive intrusion and
demands that would have been placed on GG student and staff resources, ARI
evaluation resources, and SME time.

As developers discover the advantages offered by various technological
possibilities, additional time is required to integrate new features into
product development. For example, VEGG developers became aware of the highly
desirable possioility of incorporating audio commentary or questions into
their materials through use of the second audio track of the video disc.
Understanenrq the full potential of a technology options is an evolutionary
process. That evolutionary process, combined with the constant marketing of
new hardware, software, and courseware that occurs in the electronic media
field may entice developers into exploring new or newly recognized
possibilities at the expense of timely product completion.

Another example deals with quality assurance review of instructional
materials. This must necessarily be a constant process, deciding on almost a
frame-by-frame basis what is excellent, what can be lived with, and what is
totally unacceptable. Grammar and syntax errors art easily recognizable as
unacceptable. Reviewers tend to readily identify excellence. When video
instructional materials fall into the no-man's-land between the extremes,
constant and difficult decisions must be made in terms of what can be lived
with. Insistence on excellence only, may result in no product at all.

The fine art of negotiating between "must have/do" and "would like to
have/do" characterizes the process of achieving system optimization over
optimizatiun of individual componeat performance. Systematic documentation of
this negotiating process would provide information relating to the balance
that exists among the array of sub-system objetives and between sub-system
and development system objectives.
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Equifinalltv

The principle of equifinality has two important imolications for system
evaluation. The first relates to the need to identify options and

alternatives for "as the number of alternatives increases, the system is more
able to adjust to unforseen changes In the environment" (Atwood, 1985). As

has been implied throughout this paper, there are many ways to achieve system

objectives. Different choices in terms of equipment, contractor, evaluation
approach and design, target programs and language would have substantially

changed the nature and operation of the VEGG system and its final products.
Decisions made in the early stages of development limit what can follow and

determine to a great extent what must follow. For example, the choice of a
Gateway program limited the test population to officers, dictated a
baseline/field test comparison rather than an experimental design, and limited

outcome performance measures to short term learning at low level, limited
range proficiencies. These limitations may well be less significant to
overall system goals than the advantages gained for example from the greater
liklihood of product adoption by an already equipment-based (audio cassette)

program and the limited but more manageable scope of evaluation. The important
point is that the involvement of all parties early in the planning process and
in decision-making throughout development increases the system's ability to

anticipate its overall needs and to develop contingency alternatives.

The principle of equlfinality also maintains that the objectives of a
system may be achieved "from a number of different starting conditions ana

through a variety of means" (Atwood, 1985). Fortunately, a system's ability
to achieve its purposes does not depend on a precisely defined set of

components, processes, and relationships. However, within the framework of
equifinality, the cumulation of a body of information - - through systems

evaluations of a variety of instructional development systems - - would begin
to refine our understanding of what works better, when, and how - - and not at

all.

To the extent that a systems approach to evalution does not result either
in information overload or in surfacing such an overwhelming number of issues
that instructional development Initiatives are stymied, formative systems

evaluation enhances the development process. Properly used and understood,

the systems approach enables evaluators to perform a comprehensive job,
collecting information that can be used both internally and externally to

achieve system objectives.
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A Systems Approach to Evaluating
High Technology Training

Nancy K. Atwood
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Military training demands have steadily Increased with the advent of the
computer age and the development of complex electronics and weapons systems.
At the sane time, the volunteer force has been faced iith a ronstrained supply
of skilled recruits. To address these dual problems, instructional
applications of new technologies have received considerable attention in the
military training community as a strategy for leveraging training resources
(O'Neil, 1981). For example, the U. S. Army Research Institute maintains a
"technology watch" to identify potential techniques for increasing the cost
effectiveness of training, for raising levels of learning at the same cost as
conventional methods, or for achieving the same results as conventional
methods at lower cost.

One promising new technology is "Intelligent" Computer Assisted
Instruction or ICAI. ICAI, a field within the larger discipline of Artificial
Intellxgence, draws upon emerging computer technologies and cognitive
psychology in an effort to provide a new sort of computer-based learning
environment. The intent is to provide an intelligent tutoring system that
simulates a human coach or tutor. The enthusiasm of ICAI developers is
reflected in the comments of Anderson and Reiser (1985) who argue: ".
The prospect is great of providing every student with the educational benefits
of a private human tutor. When this happens, the consequencez for American
education will be nothing short of revolutionary."

While ICAI is a rapidly evolving field, functional programs are appearing,
funded in large part through the investment of DoD resources. It is vitally
important at this time for the military training community to critically
examine instructional applications of the new, Al-based computer
technologies. This examination should be directed toward understanding the
state of the art of ICAI technology and the process for developing ICAI
systems with a view toward shaping the development process and the emerging
product to military training needs ana requirements.

This paper presents a strategy for designing and conducting early or
"formative" evaluation of instructional applications of new technologies. The
approach, based on General Systems Theory, is first described. This
conceptualization was in fact stimulated by problemi experienced while
attempting to apply a conventional evaluation methodology to three ICAI
projects (Baker & Atwood, 1985). Then insights into the utility of the
systems approach are presented based on a post-hoe ,analysis of experience with
these projects.

A Systems-based Formative Evaluation Strategy

Virtually all prescriptive models of the instructional development process
specify the need for "formative evaluation" to identify program strengths and
weaknesses for program Improvement by collecting information on instructional
processes and learner performance. A case in point is the Instractional
System Development (ISD) model of military training development which
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prescribes evaluation as an Integral component, or the development. -ycle
(O'Neil, 1979). However, evaluation is generally conceptualized as one step
in a linear sequence of development procedures which is initiated when a
prototype p-oduct is ready for field-testing.

In contrast, the systems-based formative evaluation strategy to be
described here conceives of evaluation as an ongoing process that begins with
project start-up and continues throughout full project implementation. The
approach views the organizations involved in instructional technology
development as sub-systems within a larger system. The principles of General
Systems Theory are applied to derive features of an evaluation strategy that,
will facilitate successful development and implementation of the technological
innovation.

Systems theory encompasses a vast range of issues and approaches ranging
from systems philosophy to development of mathematic system theories, to
empirical research on system behavior, to systems engineering (Mattesich,
1982). However, at the heart of systems thinking is an emphab 3 on input-
output features, a purposeful orientation with concerns for means-ends
relationships, and feedback loops within the system to adjust the behavior of
system components to yield the desired end-behavior of the entire system.
(See, for example, von Bertalanffy, 1968.) The essence of systems thinking
lies in a wholist:c, non-linear view that constantly relates components of the
system back and forth to the overall system and tries to reconcile their often
conflicting goals.

Figure I presents a prescriptive systems model of instructional technology
development. Generally, there are at least three interacting organizations or
system components in the military training setting. These include the
contracting agency that funds the project, the research and development
organization (usually a private business or university) that develops the
product, and the school that is the targeted user. (As shown in Ve figure,
there are also sub-systems operating within each of these components.)

NEEDS laxP"FEEA$

Traditionally, the development process has relied on minimal interaction
between the above organizations. Given the natural bureaucratic barriers to
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communication, organizations generally take responsibility for Itneir portion
of the process, with little communication and coo,-dination with the others.
Furthermore, organizations often have competing or conflicting goals (e.g.,
funding agencies looking for specific training applications, R & D
organizations concerned with producing scientific knowledge, and user
organizations looking for affordable and feasible enhancements to current
procedures). As the history of Computer-Assisted Instruction (CAI) has amply
demonstrated (Montague & Wulfeck, 1984), the end product often is not well
targeted to th, school's instructional needs, may be incompatible with the
organization of the instructional program, and further may not be fully
,mplemented or even used because those school officials having authority do
not, feel ownership or commitment to the project.

In contrast, the system view in Figure 1 recognizes the critical
importance to technology development of communication through feedback loops
between the various groups within the system. These loops provide a vital
mechanism for ensuring that the resulting innovation is both objectively
valuable and psychologically valued by the organizations involved with the
project.

Principles drawn from General Systems Theory provide insights into
conditions that will maximize the liklihood of achieving tne overall goal of
the system (in this case, successful implementation of an effective
instructional technology innovation):

1. Synergism: As integration among system components increases,
synergistic effects (i.e., synchronized energy) are more likely to occur.
Extensive communication among system components, in this case, the funding
agency, R & D organization, and school, are needed to develop the strong, well
defined interrelationships required for integration to occur. This dialogue
must yield mutual understandings and acceptance of relative roles and working
relationships.

2. System structure: The clearer the vertical and horizontal structure,
the more the system is in control and the more persons and activities within
the system are vested with purpose and meaning. Again, the communication and
feedback loops within the system properly used can serve to clarify the system
structure and yield common understandings of the respective responsIbil ties
of components within the system.

3. Optimization: If sub-systems operate to optimize their own
individual performance, the net result wll almost never be ove'all system
optimization. Thus, in order to achieve overall success, systcm components
must embrace the overall system goal, agree to cooperate, and devise
strategies for accomplishing unique organizational gcals within the larger
context of the system goal. Joint planning sessions wlth mutual discussion
and negotiation on project parameters can serve to create a sense of
ownership by all parties and to adjust project plans so that the interests and
needs of component organiations are incorporated.

4. Stability: All systems tend to have mechanisms for manning a steady

state. This tendency leads to the well-recognized resistance to instructional
innovations (e.g., Berman & McLaughlin, 1977), and implies a need for planning
to anticipate the problem. Such planning should establish organizational
supports for re-establishing stability after the introduction of the
innovation.
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5. Equifinality: The ,.nal state of an open system can be reached by
starting from a number of different initial starting conditions and through a
variety of means. As the number of alternatives increases, the system is more
able to adjust to unforeseen changes in the environment and to accomplish its
purposes. Thus, project plcnning should be open to multiple options for
development and implementation to increase the adaptive flexibility of the
effort.

The above systems view implies that formative evaluation should be
structured to facilitate system functioning in order to achieve the system
goal, to contribute to communication and feedback among system components, to
provide information on the needs and concerns of groups within the system, and
to gather information on program functioning and outcomes for revision
purposes. Ideally, the evaluation should:

o be conducted by a team external to the system. An independent team
maximizes objectivity and minimizes self-involvement in the interests
of organizations within the system. As such, it, can serve to
facilitate overall system functioning.

o examine the functioning of system components as well as their
interaction process frov project development through full
implementation. Recommendations for improvement should focus on
promotion of cooperation among system components to achieve overall
project goals.

o capture ongoing communication and feedback mechanisms between all
system components. Description and identification of strategies for
improvement are critical since these mechanisms can serve to increase
integration and synergism of system components and to clarify system
structure.

o address specific information needs of all organizations within the
system. This information can serve to meet the needs and goals of
individual components within the system and to resolve conflicts that
may i-terfere with achieving the overall system goal. Explicit
recognition of the needs of each organization also serves to
establish the credibility and utility of the evaluation to all
concerned parties.

o be sensitive to the stage of development of the project. Information
needs and concerns change as a project matures and the freedom to
make changes diminishes. In the early stages of project planning,
focal points should include articulation of instructional/training
theory, operational plans for product development, initial
implementation planning, and use of communication/feedback loops
within the system. In the middle stages of project design and

development, focal points should include product design and
development, theoretical fidelity and quality of the instructional
process, preliminary implementation (with supports reestablishing
system stability), outcome measurement and ongoing
communication/feedback processes. In the later stages of project
implementation, focal points should include outcome assessment (both
cognitive and affective), measurement of side-effects, project
implementation, cost-effectiveness, and ongoing use of
commnication/feedback loops.
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" capitalize on nultiple measurement methods for collecting
information. Diverse methods, both quantitative and qualitative, are
helpful in acquiring the full range .; relevant information.

" yield a full documentary base to inform subsequfnt decisions and to
provide a full record of intentions and accomplishments. This record
will contribute to an understanding of the functioning of the system
and its components and will provide a vehicle for discussion in
subsequent project planning and evaluation activities, including
follow-on projects.

Insights into the Need for a Systems Approach

The systems-based evaluation approach described above was used to analyze

experiences and problems encountered conducting evaluations of three ICAI

projects. The projects differed in their stage of development from early to

middle to late. The project in the early stages of development was designed

to teach maintenance technicians to troubleshoot and repair a complex

electronic machine. The project in the middle stages of development was

intended to assist novices learn to program in PASCAL. The project late in

its development cycle was directed toward teaching basic mathmatics and
strategic thinking skills within a game context.

The analysis suggested that the systems-based evaluation approach was a
useful tool for understanding the problems that emerged with conventional
formative evaluation methods and for identifying promising strategies for
future evaluations of such technical innovations. Foremost, strong incentives
are required for full participation by all group within the system. While
the funding agency and the school generally perceived participation in

evaluation activities as in their own self-interest, project developers were
considerably more skeptical and resistant to participation; evaluation
activities tended to be perceived as directed toward uncovering weaknesses and
diminishing their control over the development process. Certainly one
strategy for gaining full cooperation from the developer is to include
external evaluation in the project funding agreement.

Second, the relevant range of expertise needs to be represented on the
evaluation team in a manner that is credible to the funding agency, the
developer, and the school. In one evaluation study, only limited cooperation
was obtained from developers due, at least in part, to the ect that the
evaluators belonged to a different professional community than the developers
and were not viewed as knowledgable or capable of providing useful

information. For ICJI projects developed for military training applications,
the relevant range o! expertise minimally includes- instructional psychology,
military training, artificial intelligence, and the subject matter to be

taught (e.g., electronic maintenance, PASCAL programming). In addition to
constituting an evaluation team with skills in these areas, additional
credibility would be accrued hy convening a technical advisory panel of
esteemed colleagues of developers (i.e., key figures in Artificial
Intelligence).

It is also vital for . nditions to be established that foster the
development of informal networks and the growth of trust and credibility from
the inception of the project. In these evaluations, trust and credibility

developed slowly over the course of many months and was sometimes impeded by
lack of knowledge about strategies and events occurring earlier in the
development cycle. Supporting conditions for fostering productive working
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-diationships include involving all parties (including tne evaluation team)
at the beginning of the planning process and recognizing the need for long-
term (i.e., multi-year) development and evaluation agreements. Such
agreements are necessary for adequate communication and feedback to occur, for
the extended development cycle encountered in projects with a high degree of
technological complexity to run its course, and for mutual trust, among
individuals and groups to develop.

Finally, safeguards on the use and distribution of information collected
by the evaluation team are required. Much of the difficulty encountered
working with developers, and to a lesser extent, project implementers, arose
from concerns about: (a) how and to whom the evaluation information would be
disserinated; (b) whether and at what point they would have an oportunity to
react to evaluation findings and to voice their interpretations of findings;
and (c) how the evaluation results would be used. Thus, it is critical that
all parlies are assured that, information will be treated appropriately and
sensitively and procedures are in place to protect such assurances.

One sucn procedure for restricting information flow to guard such
assurances is for the evaluation team to limit dissemination of its findings
to organizations within the system, i.e. the funding agency, the R & D
organization and the school. Groups should be provided an opportunity to
react to the findings and to present their interpretations to the evaluation
team. While ultimate incorporation of such input into the final evaluation
report should be left to the professional judgment of the evaluation team,
organizations should be prv¢ided the opportunity to prepare a "minority
report", if they have serious disagreements with the final evaluation
report. Finally, all publication and presentation of results to the technical
and training community should be approved by organizations within the system
studied.

It s hoped that a systems-based formative evaluation strategy will
support the development of high quailty instructional technology innovations,
and, perhaps more ambitiously, yield a record that may provide guidance for
establishing general policies related to training technology R & D.
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An Analysis of Attitudes Toward Instruction Among Vocational
Education Instructors

George M. Usova, Head
Analysis and Evaluation Division

Shipyard Instructional Design Center, Atlantic
Portsmouth, VA 23709

Identifying attitudes toward instruction is important in determining
program changes. k, extensive study, conducted by George M. Usova sought to
determine the instructional beliefs and practices held by skilled trades
training personnel in naval shipyard apprenticeship programs.

The study surveyed the attitudes and practices of 256 key training
personnel in apprentice trade training areas. The trades participating in the
study were air conditioning and refrigeration, boilermaker, electrician,
electronics, fabric worker, machinist, insulator, painter, pipefitter, rigger,
sheetmetal, shipfitter, shipwright, and welder.

The trade trainers were asked to rate their feelings of agreement or
disagreement toward educational practices by using a five point scale. The 17
item questionnaire measured attitudes on apprentice ability in physical and
basic communication skills, use of self-paced and computer-managed
instruction, adapting instruction to learner differences, and values held
about inservice training. In addition, the questionnaire asked the trainers
to indicate their primary method of instructional delivery, state how often
they received inservice training, and tell how often apprentices used
effective learning strategies to learn subject area content.

Background. Since the U.S. Navy is the single largest employer of
apprentices in the nation, it has a substantial stake in assuring that its
apprentice training programs are effective. One area of concern and
investigation lies in the area of instructor training. Apprentices are
trained by instructors who receive only 40-80 hours of preparatory instructor
training.

The intent of the study, therefore, was to assess the attitudes and
piactices toward teaching and instruction among vocational trade instructors
and other key training personnel in apprenticeship programs in naval
shipyards. The importance of the study was to provide data from which to make
better decisions for improving apprenticeship programs and identifying
instructor training needs for inservice training.

Method, The Training Information Survey was developed as a two-part
questionnaire to assess particular training attitddes and practices of
training personnel (Group Superintendents, Shop Superintendents, Supervisory
Training Instructors, and Trade Theory Instructors) involved in apprentice
training at the naval shipyards (see Appendix A). The survey questionnaire is
composed of two parts: (1) Part I: an attitude section that assesses
agreement or disagreement with statements about apprentices' abilities,
educational practices, and inservice training and (2) Part II: an "actual
practice" section that assesses the extent and frequency with which
instructional practices actually occur. Additionally, the questionnaire
solicited biographical information (i.e., the respondent's trade, shipyard,
and job position) that was matched with the questionnaire data.

804



In total, 472 questionnaires were sent to eight shipyards with 286
questionnaires returned (within the five-month period), which yields a return
rate of 60.6 percent. A breakdown of useable questionnaires by respondentI groups reveals the following figures: 19 Group Superintendents, 17 Shop

Superintendents, 32 Supervisory Training Instructors, and 128 Trade Theory
Instructors. The trade areas surveyed were air conditioning and

} refrigeration, boilermaker, electrician, electronics mechanic, fabric worker,

~machinist, Insulator, painter, pipefitter, rigger, sheetmetal mechanic,
shipfitter, shipwright, and welder.

Findings and Recommendations. As a result of the study, 11 separate
findings were made from a data analysis of the study as a whoie The findings
and recommendations incorporate the results from Parts I and II of the
questionnaire.

1. Apprentice hires do appear to possess the manual dexterity and
coordination skills necessary to meet the demands of skilled trades training.

2. Apprentice hires do lack to a substantial degree basic skills in
reading, mathematics, and communications to meet the demands of trade theory
courses. Nearly 70 percent of training personnel believe apprentices are
deficient in one or more basic skills. Verbal comments additionally support
this finding.

3. Self-paced instruction is not well-accepted as an instructional
delivery mode. This finding is further reinforced through other data showing
that 82 percent of trade theory instruction is group-paced. Group-paced
(predominantly lecture) is a traditional form of instruction that nearly
everyone is familiar with. While group-paced instruction can be effective in
achieving learning, it is widely recognized and established that there are a
variety of alternative instructional methods (self-paced, individualized,
simulation, grouping, team learning, and others) that can be more effective in
achieving certain learning outcomes. It is the awareness, knowledge, and
implementation of varied methodologies that can strengthea the instructor's
teaching competency.

Recommendations. it is recommended that, through inservice training,
training personnel be shown the educational values and benefits that can arise
in student learning through self-paced instruction. The point here is not to
attempt to force self-paced instruction upon trainers nor is it to be implied
that self-paced instruction is the best delivery mode; rather, the intent is
to recognize the use and role that self-paced instruction can play as a part
of an eclectic (varied) approach to training.

4. There is wide agreement and support that a planned on-the-job
instructional program could benefit shop training. Support, therefore, exists
for a plogram that systematically permits and ensures that critical job skills
are experienced and developed during on-the-job training.

Recommendations. It is recommended that all trade apprentice programs
ensure that apprentices experience critical job skills through a planned
sequence of experiences.

5. overall, there is uncertainty over whether computer-managed
instruction would assist learners.

Recommendations. As stated in recommendation number three, there is a
need to educate trainers to the benefits inherent in using a computer-managed
system. In an age of information explosion, instructional technology, and
cost/time efficiency requirements, computer-managed instruction can perform an
integral role.
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6. There is widespread acceptance to the need for hands-on training
removed from the production environment. This educationally sound concept
permits learners to practice and develop skill proficiency on training aids,
mock-ups, and simulators before actually "working a Ib". In this manner,
theory and practice are closely tied together to ensure skill mastery and
thereby reduce the possibility of costly errors that might occur on-the-Job.

Recommendations. It is recommended that all trades explore additional
sources and acquire, as needed, training aids, mock-ups, and/or simulators to
develop improved hands-on training for vestibule training.

7. There is overwhelming support for the value, benefit, and need tor
instructor inservice among all trado training personnel. This belief lies in
the generally accepted concept that if instructors become more competent in
the area of training (learning theory and practice, objective and test-item
development, instructional strategies, etc.), then students will achieve in
greater proportions. Central to the issue of inservice training is the type
and quality of that training. Inservice training must be directly responsive
and relevant to the improvement of the teaching-learning process, i.e., the
topics of inservice must address instruction-competency areas.

Recommendations. It is recommended that shipyards develop a systematic
instruction training inservice program that is based upon instructor needs.

8. There is strong acceptance for the use of modern audiovisual aids to
support instruction.

Recommendations. It is recommended that trade training personnel review
their audiovisual acquisitions to determine whether they possess the proper
type and amount of equipment necessary to support and facilitate learning of
trade theory courses.

9. At the present time, strong agreement exists that shop trade theory
courses meet the learning needs of apprentices.

10. Uncertainty exists about whether courses are presented in the
different ways in which students learn. Supporting this uncertainty belief is
survey data which show that 70 percent of respondents believe that instructors
only "sometimes" adapt instruction to learner differences. Again, this is
indicative of instructional rigidity or inflexibility to alternate methods and
parallels the finding stated earlier. 82 percent of shop instruction is
group-paced.

Recommendations. Launch a program of instructor inservice which includes
topics on detecting and diagnosing learner abilities, individualizing
instruction, classroomi grouping patterns, peer learning techniques, and other
topics as cited in recommendation number three.

II. Only 22 Percent of students in trade theory courses dem-nstrate
efficient learning strategies and study skills. Learning stratecies and study
skills, such as notetaking, listening, time management, memory techniques, and
study methods, are the means through which to acquire and retain information.
Responsibility for teaching those learning skills is a dual responsibility,
requiring effort from both student and instructor. The instructor is
responsible for showing students how to learn and better recall that specific
information that is presented in the classroom; agai., the instructor can be
taught how to do this through inservice training. The student, on the other
hand, can be taught the general application of learning strategies and study
skills and must be personally responsible for applying those skills.

Recommendation. It is recommended that a course on learning-study skills
be provided instructors as a component of an inservice training program and
that a separate and distinct program on learning-study skills be offered to
all apprentices during their first year in the program. Such a two- pronged
approach will maximize learning efficiency.
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APPENDIX A

TRAINING INFMTION RVEY

Trade Shop _

Status: (Please check the one that applies to you.)

Grcup Superintendent _ Shop Superintendent
Supervisory Training Instrucr __ Trade Theory Instructor

he Shipyard Training Suprt Center role is to support your effort to
strengthen and improve apprenticeship training. We need your assistance in
ompleting this s form to help us define and clarify shipyard
apprentice trainng needs for your shcp. Please take a few minutes of your
time to respond to the folwing statiments. Return the completad form to
y-w -ployee development representative, or if requested, our group
superintendent. Thank you.

Directions, Part I

After reading and considering each statement, assign the number that
reflects your feeling about the statenent.

1 - Strongly Disagree 3 - Undecided 4 - Agree
2 - Dis6gree 5 - Strongly Agree

1. - New apprentice hires have the nnual dexterity and coordination to
meet the demands of skilled trades training.

2. __ New apprentice hires possess the necessary basic skills in reading,
mathematics, and corxmmications to meet the demand of skilled trades
training and trade theory courses.

3. __ Self-paced instruction (that allows each apprentice to control his
am rate of learning) could benefit the learners of skilled trades
training in the shop.

4. __ A planned on-the-job instructional program could benefit training
in the shop.

5. Comuter enhanced and oupiter managed instruction would erznce
the learning potential of students in the shop.

6. Hands-on training, removed from the production environment, is
needed to Increase trade skills.

7. hop instructors oxld profit from a,, ongoing progran of in-service
training designed to improve teaching skills.

8. __ The izlprovement of instructor teaching skills will Mprove student
learning.

9. __ Current and modern audiovisual aids and equip ent are important
in supporting student learning in skilled trades training.

10. __ Presently, bhw trade theory courses meet the knowladge and skill
learning needs of apprenticeship students.
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11. __ Presently, shop trade theory courses are presented to meet the

different ways in Qaich people learn.

Directions. Part II

Li order for us to more effectively understand your shcp's training program,
please respord to each statment as it relates to your shop's operation by
checking ( ) the appropriate blank. Thank y.

1. Most of the instruction delivered in my shop is

group-paced __ self-paced
others; specify

2. Instructors reqularly receive in-serwice training in the
irprovanent of teaching skills

more than ore per year ce per year
_ r__ e received
other; specify

3. Records kept on student progress/skill levels are

naintained regularly rot maintained
__ miintained sketchily

4. As a group, instructors adapt instruction to account for differences in
learner abilities, ex.. slow learners vs. fast learners

always __ sometimes -- rarely

5. As a group, students in trade theory courses demonstrate skill in
efficient learning strategies and effective study skills

--__ alays __ s ometimes __ rarely

6. As a group, apprentice hires are lacking the necessry basic skills in
(check as many that apply)

reading __ athematics _ _caunications

__other: specify__ _ _ _ _ _ _ _ _ _ _

Direction, Part III

Please use the space below to coment further or explain any of your
restses. Thank yj.

Please return the completed survey to your employee development
representative, or if requested, your group superintendent.
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RELATIONSHIP OF AN EXPERIMENTAL HISPANIC
ENLISTMENT SCREENING TEST TO ArQT

John J. Mathews, Naval Training Systems Center

Carla M. French, University of Central Florida

Efforts are underway to increase the representation of Hispanics in the
military. These efforts are not only founded on affirmative action goals
but also in response to a decreasing pool of eligible yojth. A large number
of prospective recruits are excluded from military service due to low scores
on the Armed Services Vocational Aptitude Battery (ASVAB). The potential
aptitude level of many applicdnts is underestimated due to limited English
skills of some recent immigrants and members of Hispanic subcultures. An
aptitude test (Hispanic Enlistment Screening Test) written in Spanish has
been developed by the Navy Personnel Research and Development Center (NPRDC)
as an aid in identifying Hispanic youths whose ASVAB scores would likely be
acceptable after remedial English training. This study is a preliminary
evaluation of this test in the context of tie Navy's Accession English
Language Training (AELT) program. Participants are currently limited to
high school graduates with English Comprehension Level Test scores at the
marginal level of 45-80. They receive up to 22 weeks of AELT at the Defense
Language Institute (DLI) prior to ASVAB retesting.

METHOD

The subjects were Puerto Rican males who completed AELT and were retested
on ASVAB by April 1985 (N = 205). Another 112 recruits were excluded from
this study because they were still in training or had baen discharged prior
to ASVAB retesting. Predictor variables included scores on the experimental
Hispanic Enlistment Screening Test (HEST1 and the Armed Forces Qualification
Test (AFQT) composed of subtests from the ASVAB. Like AFQT, the HEST has
four subtests--Arithmetic Reasoning (AR), Word Knowledge (WK), Paragraph
Comprehension (PC), and Numerical Operations (NO). The ASVAB was administered
to the subjects prior to Navy enlistment in Puerto Rico. ine HEST was given
at the DLI upon AELT entry. Those completing AELT (2 to 5 months) returned
to Orlando to begin recruit training. Early in training, the subjects were
retested on the ASVAB.

It is expected that as a result of AELT, posttraining AFQT scores,
particularly on verbal subtests, will be higher than pretraining AFQT scores.
The main hypotheses to be tested are that HEST scores will correlate higher
with post-AFQT scores than will pre-AFQT scores and that HEST scores will
add appreciably in predicting post-AFQT scores. Hispanic service applicant
ASVAB data, supplied by the Air Force Human Resources Labordtory will be
used to estimate reliability, correct for range restriction, and assess prac-
tice effects.

RESULTS AND DISCUSSION

DESCRIPTIVE STATISTICS - Six subjects with post-AFQT percentile scores aver-
aging 02, indicating extreme lack of motivation, were deleted from further
analyses. This left a sample of 199. Computed means (x) and standard
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Table 1

Comparison of Means and Standard Deviations of
Pre and Posttraining ASVAB Measures

Measure Pre Po3t t

AR Mean 41.9 42.6 1.7
SD 4.8 6.0 3.3**

WK Mean 37.5 41.1 8.6**

SD 4.5 5.0 1.5

PC Mean 38.0 43.3 7.7**
SD 6.9 7.0 0.2

NO Mean 50.9 53.7 4.4*
SD 8.8 9.2 0.8

AFQT Mean 19.3 27.4 11.1**
(Centile) SD 5.8 10.9 10.6"*

*Difference mostly die to practice effect.

p less than .01, hypothesis that post is greater than pre.

Table 2

Sample Statistics for the Hispanic Enlistment Screening Test (HEST)

Number Percent
Measure M7an SD of Items Correct

AR 27.9 5.2 35 80

WK 30.9 6.8 40 77

PC 13.2 3.4 20 66

NO 43.0 6.6 50 NA*

Total 115.0 14.2 145 79

*Not appropriate for speeded (NO) measure.
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deviations (SDI for all variables are in Table 1. Subtests of AFQT are
expressed in standard (T-score) metric with population mean of 50 and SD of
10. Initial ASVAB scoris were low on all subtests except NO (i = 50.9).
The lowest scores were on the most verbal of the subtests, WK and PC. These
means were about 38, which corresponds to less than the 15th percentile.
Pre-ASVAB SDs were considerably restricted due to the limited range '11-51
percentile) of AFQT in the sample. The mean AFT percentile was 19.3. The
raw score SD was 6.9. This is contrasted to an SD of 15.5 for a group of
over 1,000 Hispanic service applicants (data from AF Human Resources Lab,
1984).

Retest scores were compared to pretraining scores via a test of corre-
lated means (Guilford, 1965). Significant increases were found on the verbal
subtests, WK and PC. Performance on PC was over five T-score points higher
on retest. This indicates the AELT program had a meas-urable effect. The
apparent increase on NO scores is misleading due to practice effects. Several
studies (Sims & Maier, 1983, and unpublished study on Army applicants, 1982)
have detected appreciable (about 2 T-score points) retest increases un NO
but no increases on verbal subtestsT When practice is statistically controlled,
pre-post differences on NO are insignificant. There is no reason to expect
AELT experiences to affect scores of nonverbal subtests such as NO. Differ-
ences between pre and postscore SDs were tested using a formula for correlated
varidnces (Guilford, 1965). The only significant differences were increases
on AR and AFQT.

Means for HEST subtests (Table 2) were high relative to the numbers of
items. Percentages correct ranged from 66 on PC to 80 on AR. ihis indicates
the subjects were generally able to comprehend and reason in written Spanish.
Internal consistency reliability estimates were computed via Kuder-Richardson
Formula 21. These estimates are shown in table 3 along with retest reliabil-
ity data on like-named ASVA3 measures for Hispanic dpplicants. The coeffici-
ents for corresponding HEST and ASVAB subtests are of comparable magnitude
and are above .8 for AR and IK.

CORRELATIONAL ANALYSES - Cor-elations (r) of like-named HEST and pretraining
ASVAB scores with posttraining ASVAB sc3ras are given in Table 4. Low to
moderate rs between pre and post-ASVAB scores were obtained. This was
expected considering the range restrictions and low pretraining English
verbal achievement in the sample. Correlations between similar pre and
postsubtests were lowest for WK (.26) and PC (.15). In order to get an
unrestricted population estimate of these rs, they were corrected for
selection on AFQT (Guilfora, 1965) using the raw score SO of 15.5 for
Hispanic service applicants. Corrected rs for verbal scores were only .45
on WK and .30 on PC. Both uncorrected and corrected rs between HEST and
corresponding posttraining ASVAB scores were higher tan the -, involving
pre-ASVAB on all subtests except NO. Only the cumparison test (Guilford,
1965) for AR rs with postscores was statistically significant ( p < .05),
however.

Uncorrected and corrected rs with post-AFQT scores were also higher for
HEST AR, WK, and PC than for 1iTe-named pre-ASVAB subtests. Comparison tests
for both WK (HEST r = .49 vs. .38 for pre) and PC (HEST r .46 vs. .31 for
pre) were significTnt.
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Table 3

Reliability Estimates for Subtests and AFQT Total

ASVAB* HEST**
(Retest) (KR-21)

AR .82 .81

WK .85 .89

PC .67 .64

NO .71 NA

Total .90 .89

ABased on Hispanic applicants for military service in 1983.
**Kuder-Richardson Formula 21 (Guilford, 1965).

Table 4

Correlations of Pre-ASVAB and HEST Subtests with
Post-ASVAB Subtests and AFQT

ASVAB ASVAB ASVAB
Variables Pre - Post HEST - Post

L Lc L rc

AR vs. AR .41 .62 .60 .70 2.0*

WK vs. W K .26 .45 .39 .51 1.1

PC vs. PC .15 .30 .25 .35 0.6

NO vs. NO .46 .55 .32 .38 **

ASVAB AFQT AFQT
Pre - Post HEST - Post
r !c £ Ec

AR vs. AFQT .27 .56 .44 .60 0.9

WK vs. AFQT .03 .38 .,30 .49 I.q*

PC vs. AFQT .07 .31 .34 .46 2.5*

NO vs. AFQT .24 .51 .23 .34 ,4

* less than .05, hypothesis that HEST corrected r (rc) is greater than
pre 'c.

**No dTfference hypothesized.
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Multiple cor-elations (R) with post-ASVAB scores as criteria were com-
puted using corrected intercorrelations. Table 5 shows results of tests for
increases in R squared (Bottenberg & Ward, 1963) when different combinations
of predictors are included. The best combination for predicting post-AFQT
scores consisted of pre-AFQT, and HEST AR and PC (R = .71). With only
subtests as predictors, the optimal set included pre-ASVAB AR and NO, and
HEST AR and WK. Among HEST subtests, NO did not add appreciably to prediction
of post-AFQT. Due to their high intercorrelation (.68), HEST WK and PC were
virtually interchangeable as predictors.

Multiple Rs in predicting post-ASVAB subtest scores from like-named
pre-ASVAB and HEST subtests are also given in Table 5. As hypothesized,
each HEST subtest made a significant contribution to prediction of the
corresponding ASVAB subtest. The smallest increase involved HEST NO. As
expected, the verbal subtests were the least predictable (WK R = .55 , PC R
= .41).

CONCLUSIONS AND RECOMMENDATIONS - If Hispanics with low English skills are
given language training which improves AFQT scores, then the HEST appears to
make a significant contribution in predicting posttraining AFQT performance.
This contribution also seems to be of practical importance. The amount of
AFQT variance uniquely accounted for by HEST is about 10 percent, which is
an increase of 25 percent over the variance explained by pretraininf AFQT
scores (50 percent vs. 40 percent). The significance levels reported should
be interpreted with caution because corrected correlations have inflated
standard errors (Bobko & Rieck, 1980). This does not affect the magnitude
of rs, however.

The HEST NO subtest did not add to the prediction function of AFQT
scores. Possible reasons for this include: (a) the nonverbal content of
NO, (b) the pre-ASVAB NO correlated .51 with post-AFQT, thus not leaving
much margin for improvement, and (c) timing problems with this brief,
speeded subtest.

Data are being collected on several hundred more Puerto Rican recruits.
In addition to seeing if the results of this study replicate, optimal subtest
weights, and cutoff scores on composites will be sought. Possible group
administration effects, particularly on NO will be investigated. Unless its
contribution dramatically increases, NO will be recommended for deletion
from the HEST. Before recommending it for operational use, the HEST should
be normed on a female and male group which includes Chicanos and Cuban-
Americans. Given satisfactory validation of the HEST, it might be
administered at selected processing stations to identify nonqualifying
Hispanics who would likely attain acceptable AFQT scores after remedial
English training.
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Table 1

Results of Multiple Correlation (R) Comparisons

Using Corrected Intercorrelations

Step Predictors Criterion R2  R F

3 AFQT pre, ARK, PCH AFQT post .50 .71 5.8* (3 vs. 2)
2 AFQT pre, ARK AFQT post .48 .69 20.3** (2 vs. 1)
1 AFQT pre AFQT post .40 .63 -

11 ARK, NO pre, WKH, AR pre AFQT post .46 .68 5.3* (4 vs. 31
3 ARK, NO pre, WKH AFQT post .44 .67 9.7** (3 vs. 2)
2 ARH, NO pre AFQT post .40 .63 12.2** (2 vs. 1)
I ARK AFQT post .36 .60 -

3 ARK, WKH, PCH AFQT post .41 .64 2.6 (3 vs. 2)
2 ARH, 14KH AFQT post .40 .63 9.9.* (2 vs. 1)
1 ARK AFQT post .36 .60 -

2 AR pre, ARK AR post .53 .73 38.8** (2 vs. 1)
1 AR pre AR post .38 .62 -

2 W4K pre, ARK W4K post .30 .55 2O.9** (2 vs. 1
1 W4K pre WK post .20 .45 -

2 PC pre, PCK PC post .17 .41 13.7** (2 vs. 1)
1 PC post .10 .32 -

2 NO pre, NOK NO post .32 .97 6.0** (2 vs. 1)
1 NO pre NO post .30 .55 -

~p less than .05, hypothesis of increase in R2.

p less than .01, hypothesis of increase In R2.
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Attrition and Performance Ratings of ESL Soldiers in BT*

Harvey Rosenbaum

American Institutes for Research
Washington, D.C.

The Army's Basic Skills Education Program (BSEP) is an
on-duty, job related, basic skills development program in the
areas of literacy, math, and English-as-a-second language (ESL).
One of BSEP's goals is to improve the ability of soldiers to
perform satisfactorily in training and on the job. BSEP I
programs are intended to provide soldiers with the basic
competencies to complete Initial Entry Training (IET). BSEP 11
programs are to provide soldiers, E-1 through E-5, with the job
related competencies necessary for their military duties. A
fundamental notion underlying the BSEP program, for which there
is some support (Krug, et al., 1984), is that soldiers with basic
skill deficiencies are less likely to perform their job well, are
less successful in the Army, and display a higher rate of
attrition.

This paper presenf-s additional support for the notion
motivating BSEP using attrition data and performanue rating data
for a group of soldiers who completed the BSEP I ESL Program.
The data show that level of English language proficiency is
linearly related to attrition in Basic Training (BT) and tends to
be related to drill sergeants' ratings of soldiers' BT
performarce. The attrition data also provide a basis for
estimating the percent of attrition reduction in BT due to the
ESL program.

BACKGROUND

In the summer of 1982, the Army implemented a new six-week
BSEP I ESL Program at eight TRADOC installations. The new
program is functionally, or BT, oriented and intended to provide
soldiers with information necessary for success in BT as well as
improvo their English language skills. The BT information was
drawn from 25 tasks included in the Soldier's Manual of Army
Testing or bMART book.

Between September 1983 and May 1984, the American Institutes
for Research (AIR) coaducted an evaluation of the new ESL program
using a variety of program and follow-up measures (Rosenbaum and
Stc.ddart, 1984). Tne of the pre/post measures used to assess the
effect of the pru~ram on language proficiency was the English
Comprehension Level Test (ECLT). The ECLT, developed Dy the

*This research was conducted for the U.S. Army Research
Institute. Contract Nos. MPA-903-81-C-AA04 and MDA-903-84-C-0128.
This paper does not necessarily express the official opinions or
policies of the contracting agency.
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Defense Language Institute English Language Center (DLIELC), is
probably the most widely used English language test in the Armed
Services. It is a standardized, group administered test of
English comprehensiot, with a strong reading component. Data
gathered in previous studies by AIR (Holland, et al., 1982;
Rosenbaum, 1983), indicate that as a measure of group
performance, the ECLT is an effective indicator of oral
comprehension and speaking proficiency.

Etigibility for the ESL program is largely determined by the
soldiers' ECLT score. Soldiers with ECLT scores below 70 are
automatically eligible for the program.

included in the follow-up measures used to determine program

effects, were data on BT attrition and performance ratings
completed by drill instructors on an available sample of soldiers
in BT. Data presented in the following sections were gathered as
part of AIR's overall evaluation of the ESL program.

METHOD

Subjects

ECLT scores and BT attrition data were available for 582
soldiers. Supervisors' ratings of soldiets' performance in BT
were also obtained for an available sample of 156 soldiers who
had completed the program. Nearly 90 percent of the soldiers
were native speakers of Spanish and more than 70 percent of these
were from Puerto Rico. Approximately 75 percent of the sample
graduated from high school and nearly 25 percent graduated from
two- or four-year colleges.

Procedure

Soldiers who appear potentially eligible for the ESL program
are usually admiristered the ECLT when they arrive at their
training base. Those with ECLT scores below 70 are usually
placed in the program within a week or two of their ECLT testing.
Soldiers are retested with the ECLT when they complete the
program.

Installation education centers provided AIR with information

on whether their students completed BT or were discharged from
BT. Most education centers, however, do not routinely receive
this information from the BT units and must make special efforts
to obtain it. One education center did not provide any data on
attrition and most of the other centers provided attrition data
on only part of their student enrollment. Consequently, we were
only able to obtain attrition data on a portion of the nearly
1800 soldiers involved in the overall evaluation.

Performance ratings were obtained for an available sample of
soldiers during their last four weeks of BT. AIR researchers had
drill sergeants rate soldiers' performance on 14 BT activities by
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comparing their performance with all other soldiers. All
activities required the use of language and were taken from the
Program of lnstruction for BT. The descriptions of the
activities were pilot tested with drill sergeants at Fort Dix to
insure that they were understandable and relevant. The rating
system was a four-point scale with the values of better than
most, as well as most, not as well as most but gets by, and
performs inadegiately. Examples of the BT activities are
"responds correctly to questions," "uses challenge dnd password"
and "reads SOP for inspections."

RESULTS

Attrition

Soldiers who were discharged from the Army during BT
displayed poorer performance on the ECLT than those who completed
BT as shown in Table 1. Discharged trainees had lower entry ECLT
scores, lower exit ECLT scores, and made smaller ECLT gains.

Table I
Comparison of Mean ECLT bcores

Attrition Entry Exit ECLT
category ECLT SCLT gain

Completed BT 42.9 57.6 14.d
(n) (505) (507) (505)

Discharged from
BT 37.4 46.3 9.8

(n) (78) (75) (75)

The attrition rate is linearly related to exit ECLT scores
with soldiers scoring below 30 having an attrition rate more than
five times that of soldiers scoring above 69 as shown in Table 2.

Table 2
Comparison of Soldiers Completing BT wIth Those W~o Were
Discharged from ST

Exit ECLT score

Attrition
Category 0-29 30-39 40-49 f0-59 60-69 >69

Completed ST 64% 75% 84% 91t 92% 93% o07

Discharged
from BT 36% 25% 16% 9% a% 7% 75

16 63 95 123 ((4 146 582
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Performance Ratings

Sergeants tended to assign a soldier similar performance
ratings for most of the 14 activities. Two sets of Pearson
Product Moment correlations were conducted to determine the
degree of similarity between the activity ratings. In order to
conduct these correlations, ratings were given numerical or score
values by assigning d value of one through four to the activity
ratings: the value of one was assigned to performs inadequately,
two was assigned to not as well as most, etc.

Soldiers' performance ratings for each activity were then
correlated with each of the remaining 13 activities yielding 91
statistically significant correlations between .51 and .81. For
the second set of correlations, each activity rating was
correlated with the average of all 14 ratings for each soldier
yielding a correlation range of .77 to .86.

The strong correlation of the 14 activity ratings justifies
using the soldiers' average ratings as unitary performance
ratings. To relate soldiers' average performance ratings to
their exit ECLT scores, soldiers were divided into two
categories: average performance ratings of 2.4 or less were
assigned to the performs not as well as most category, and
average ratings of 2.5 or more were assigned to the as well as
most or better category.

Soldiers with lower exit ECLT scores tended to receive lower
performance ratings. For example, soldiers with ECLT scores
below 60 are nearly three times as likely to be in the performs
n-t as well as most category than are soldiers with higher ECLT
scores as can be inferred from Table 3. However, the
distribution of soldiers in the category performs not as well as
most by exit ECLT score is not clearly linear. Two factors that
may be affecting these data are (I) the sample size below 50 ECLT
is small, and (2) BT performance ratings may be less directly
related to langLage proficiency. During interviews with AIR
researchers, drill sergeants uften stated that a soldiers'
attitude and motivation are major factors in completirg training.

Table 3
Comparison of Soldiers Rated as Performing Not as Well
as Most With Soldiers Receiving Higher Ratings

Exit ECLT

Performance
nating

Category 0-29 30-39 40-49 50-59 60-69 >69

As well as
mos or
better 67% 50% 79% 69% 89% 90% 124

Not as well
as most 33% $0% 21% 31% lit 10% 32

9 12 19 32 36 48 156
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DISCUSSION

Level of English proficiency is clearly a factor in
soldiers' success in BT. The data indicate that limited
proficiency in English contributes to attrition and poorer
performance. Because it increases soldiers' proficiency in
English, as measured by the ECLT, the BSEP I ESL program can he
assumed to be reducing attrition and improving soldiers'
performance in BT. The sample of nearly 1800 soldiers that
completed the ESL program during the evaluation period showed a
mean ECLT gain of 15.0. This mean gain is as good or better than
the mean ECLT gains obtained from previous Army FSL programs.

The reduction in BT attrition attributable to the ESL
program can be estimated by comparing the attrition of soldiers
completing the ESL program with a hypothetical group of eligible
soldiers receiving BT without the benefit of the program.
Computing this estimate requires one conservative assumption in
addition to the available data. The assumption is that the
attrition rate at each exit ECLT level is also applicable for
soldiers who have not participated in the ESL program. Even if
incorrect, this assumption is most likely to result in an
underestimate of the reduction in attrition due to the ESL
program since soldiers in the attrition sample are different from
a hypothetical group of new trainees with matching English
proficiencies. The sample group started BT already knowing a
great deal of technical information and should find BT easier
than the hypothetical grouo. Interviews with soldiers during the
BT follow-up phase of the e.aluation support this view. Many
soldiers stated that BT was easy because of the information they
had learned in the program, others claimed that they would not be
able to complete BT without the program.

We can estimate the BT attrition for 1000 eligible soldiers
who were not enrolled in the ESL program and compare this with
the attrition estimate for 1000 soldiers enrolled in the program.
The process of estimating the attrition for 1000 not enrolled
soldiers is presented in Table 4. Line one shows the pre-program
distribution of ECLT scores for the sample of 1762 solciers used
in the ESL program evaluation. The next line indicates the
number of soldiers per thousand at each FCLT range. The third
line provides an index of attrition for each ECLT level based on
the percent of attrition for that level as given in Table 2. The
final line in Table 4 iidicates the number of soldiers estimated
to attrite at each ECLT level yielding a total of 185 per 1000.
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Tible 4
Pocedure foe Estimatlng BT Attrition of 1000 Eflglole Soldiers
Not Enrolled in ESL Program

ECLT Levels

0-29 30-39 40-49 50-59 60-69 Total

DLstribution of !M

by entry ECLT 186 22% 18% 21% 21% 100%

No. of SM/b00 180 220 180 210 210 1000

Index of attrition .36 .25 .16 .09 .0s - -

No. of SM a-ttriting 65 55 29 19 17 185

Using the same procedures, Table 5 shows the basis for the
attrition estimate for 1000 soldiers enrolled in the program
yielding an attrition total of 116. According to these
estimates, the Army's ESL program saves 69 out of every 1000
soldiers from attrition in BT or reduces BT attrition by 37
percent.

Table 5
Procedure for Estimating BT Attrition of 1000 Soldiers Lrolled
in ESL Program

ECLT Levels

0-29 30-39 40-49 50-59 60-69 >69 Total

DistriDution of bM

by exit ECLT 3% 9% 15% 20% 26% 27% 100%

No. of SN/1000 30 90 150 200 260 270 iO

Index of attrition .36 .25 .16 .09 .08 .07 1.00

No. of SM attriting 11 23 24 18 21 19 116
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STANDARD SETTING IIETHODS

FOR SKILL QUALIFICATION TESTS (SOTs)

Dr. Allan L. Pettie

United States Army 2raining Support Center, Fort Eustis, Virginia

The purpose of this paper is to examine three different
methods for setting passing scores xor Skill Qualification Tests
(SOTs). The Skill Qualification Testing Program is one component
of the United States Army's Individual Training Evaluation
Program. The other components, the Common Task Test and the
Commander's Evaluation, are hands-on tests. The SQT component is
a task-based, performance-oriented objective test. Enlisted
soldiers are tested by Military Occupation Speiality and Skill
Level.

Since the implementation of SQTs, the Army has used the same
passing score of 60 for all SQTs. Experience has shown that the
adoption of this common standard, which failed to consider test
difficulty and content, and its application across the broad
spectrum of diverse MOSs was unjustified. Starting October 1,
1986, this policy of a common standard for all SOTs will be
discontinued. A separate passing score, based upon information
about that SOT, will be set for each SOT. Prior to the
implementation of this change, pilot studies of three methods,
which were deemed applicable to the Army, were conducted. These
three methods (untrained examinee, performer non-performer, and
validation data) are described briefly in the following sections.

UNTRAINED EXAMINEE HETHOD

The rationale for the setting of a passing score by this
method is that the trained soldier should be able to do at least
as well as the atypical untrained examinee. Factors, not related
to competence, but which allow the incompetent to pass, such as
test wiseness, the effects of tests which measure primarily
general aptitude, reading ability, and common sense could be
minimized by this method. Scores of untrained examinees could be
indicative of the extent to which the SOT measures general
aptitude and reading ability.

The untrained examinees of choice were soldiers in the same
or related HOS who were in the first week of Advanced Individual
Training. It was presumed that these examinees would be similar
in background and representative of the trained group before
training. After the SQT was administered, the passing score was
spt at the eightieth percentile. A soldier who scored above the
eightieth percentile was considered to be atyplcdl of the
untrained group; thus, minimum competence is defined on the basis
of the untrained examinee.
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PERPO'IER NOU-PERFORIER METHOD

This adaptation of the contrasting group method (Livingston
and Zieky, 1982) relies upon the judgment of supervisors to form
a performer group and a non-performer group. Supervisors were
instructed to base their judgments of HOS competence on criteria
other than test scores. Costs of classification errors,
performers who fail and non-performers who pass, were considered
to be equally serious. The passing score was determined to be
the point of intersection for the performer and non-performer
distributions.

VALIDATION DATA MIETHOD

Out of a desire to take advantage of existing soldier tryout
data, this method was formulated. Soldier tryout data are
normally collected at the task level, a mini-test of three or
more questions. Soldiers, through self-ratings or supervisory
ratings, aie designated performers or non-performers on the
particular task. Since the data for a performer group,
consisting of the same performers, and a non-performer group,
consisting of the same non-performers, do not exist, a composite
performer group and a composite non-performer group were formed.

The performer group, actually task-level performers, thus
resulted in testees who were performers on all tasks. Similarly,
the non-performer resulted in a testee group which was made of
non-performers on all tasks. Variances were calculated at the
task-level and then summed across tasks. Since the scoring for
SQTs is task-based, an estimate of the standard deviation was
calculated by an adaptation of standard deviation estimation by
items (Tinkleman, 1971).

Similar to the performer non-performer method, costs were
equalized, and the passing score was set at the point of
intersection for the performer and non-performer distributions.

RESULTS

Since the pilot studies were conducted by the untrained
examinee and validation data methods or the performer
non-performer and validation data methods, passing scores set by
the method pairs are presented in Table I.
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TABLE 1

PASSING SCORES FOR UNTRAINED
EXAMINEE, PERFOR11ER NON-PERFOR4ER

AND VALIDATION DATA METHODS

UNTRAINED VALIDATION PERFORMER

SQT EXAMINEE DATA NON-PERFOZiER

15BI 36 61

16P1 48 72

16R4 63 63

24GI 70 70

24G3 67 67

24A1 50 74

24H3 50 76

27E1 61 53

27E3 63 64

31V1 55 63

31V2 58 65

31V3 50 65

31V4 49 67

42E3 38 60

43E1 42 68

43E3 47 64

64C1 73 63

64C3 81 61

7103 41 56

71Q4 41 53

71R1 55 67

71R2 43 67

71R3 47 61

71R4 47 61

73DI 64 62

73P3 62 64

75B2 40 61

75B3 31 67

76PI 39 61

76P3 43 57
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Passing scores set by the untrained examinee method
demonstrate greater range than the other two methods. The 75B2
SOT has the lowest passing score of 31, and the 64C1 SQT has the
highest passing score of 81. Passing scores for the validation
data method ranged from a low of 48 for 16PI SOT to a high of 76
for the 24113 SOT. Passing scores for the performer non-performer
method ranged from a low of 53 for the 27E1 SOT to a high of 72
for the 16P1 SOT.

Comparisons of the untrained examinee method to the
validation data method show that except for four SQTs (64C1,
64C3, 73D1, and 73D3) passing scores for the untrained examinee
method are lower than the validation data passing scores.
Passing scores set by the validation data and the performer
non-performer methods, with the exception of 16PI and 27EI, are
very close in value. Upon analysis of the performer
non-performer data, a possible explanation for the discrepancy
was discernible. This data consisted of seven cases, four 25's
and three 75's, for the non-performer group. Perhaps, the three
soldiers who scored 75 were misclassified. In any event, the
non-performer group appeared to be widely disparate in ability.
No expalantion was discovered for the 27E1 discrepancy.

CONCLUSIONS

There was no substantial agreement or pattern of disagreement
between the passing scores set by the untrained examinee and the
validation data methods. Untrained examinee passing scores were
generally lower and considerably different from the validation
data passing scores. The discrepancy between the two estimates
ranged from a difference of two points (73D1 and 73D3) to a 36
score point difference (75B3). Given the different rationales
for the two approaches, this lack of agreement should be expected.
The crucial question is which rationale is best applicable to the
Army's needs.

Better agreement was reached for the validation data and the
performer non-performer methods. For four ot six SQTs no
difference was observed between the passing scores. Considerable
differences were noted for two SQTs. A possible explanation for
the 16P1 difference was noted above, but the 27EI difference of
eight score points is troublesome.

The validation data method was developed as a substitute
for the performer non-performer method. It appears that the
validation data method may be a viable alternative to the more
resource intensive performer non-performer method. The
validation data method is less resource intensive, because of the
collection of the data does not represent a new requirement. The
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validation data method is attractive, because of the existing
requirement for the collection and maintenance of the data and
because it represents no new requirement upon the test developers.

Examination of the setting of passing scores will continue
along three different lines. Few pilot studies were performed
for the performer non-performer method; therefore, further
dnalysis with more SQTs needs to be conducted to examine the
viability of the validation data method. Another form of
analysis will be the applicat:on of multiple matrix sampling
estimation procedures to estimate the mean and standard deviation
for the performer non-performer groups from soldier tryout data.
Although the random assignment of examinees to items assumption
of this method will be violated, the application of this method
should be exanined. Finally, the proximity of the passing score
to an acceptable level of conpetence and the reasonableness of
passing scores set by the untrained examinee method will be
examined.
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Assessing Tank Commander and Gunner Proficiency on U-COFT

Scott E. Graham
and

John A. Boldovici

Army Research Institute-Fort Knox Field Unit

The Armor community is striving to improve its selection and training of
MI Tank Commanders (TC) and gunners. If these goals are to be accomplished,
valid performance measures must be established which assess the full range of
tank crewmen duties. One of the most pressing needs in Army evaluation is
the development of tests whose psychometric properties are known and which
inspire confidence (Boldovici & Sabat, 1985).

The reliable measurement of hard, combat-oriented skills and soft, lead-
ership skills has not been successfully accomplished. The lack of standard-
ized and stable performance measures makes it difficult to compare individual
and crew performance across time and units. As a result, NCO promotions may
be yoked to Time in Grade rather than be performance based. Inconsistencies
in training evaluation research have also resulted from the lack of valid
performance criteria. A number of criterion measures have been developed for
assessing gunnery-related performance. Continuing credence is, however,
placed on scores obtained from live-fire gunnery exercises, and in particu-
lar, Table VIII. Unfortunately, problems affecting the reliability of these
scores, e.g., varying weatner and equipment conditions, make questionable the
comparison of .oores across days, ranges, and units.

Training simulators and other electronic training devices provide new
opportunities for evaluating the performance of Armor crewmen. Their main
advantages include precise presentation of target conditions with accurate
scoring and timing. Graham and Black (1985) have identified a number of
critical TC tasks which can be evaluated on the newly developed MI Unit-Con-
duct of Fire Trainer (U-COFT). These target engagement tasks include laying
the main gun, issuing fire commands, boresighting and degraded mode gunnery.

The research described here develops and evaluates a U-COFT proficiency
test fo- M1 gunners. The primary goal is to assess the psychometric charac-
teristics of the U-COFT as a testing device and to evaluate the feasibility
of testing gunners alone, i.e., independent of TC performance.

Method

U-COFT Test Development. The U-COFT Gunner's Test contained eight
shortened exercises, each with four engagements, selected from the U-COFT's
TC/Gunner's training matrix. One target was friendly (an M2) making a total
of 31 target engagements. The engagements were selected to match target
conditions found in Table VIII of the M1 tank combat tables. For example,
half of the engagements in each were ownvehicle stationary (or moving), and
half were long (short) range. Roughly equivalent rumbers of single/multiple
and stationary/moving targets were included. Table VIII has 20% battlesight
engagements (as opposed to precision or "full up") while the U-COFT test has
25%. Half of the engagements also required thermal sights.

Scoring. A number of performance measures were obtained from each en-
gagement. These included Hitrate which was defined as the number of hits
divided by the number of targets presented. Other measures included First
Round Hitrate, Azimuth and Elevation errors, Target Identification (ID) time,
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which was the time from when the target appeared until the gunner said "iden-
tified," and Opening time, which was the time from target appearance until
the first round was fired.

The U-COFT software package reports three composite performance scores
which were also recorded. The Target Acquisition score measures target ac-
quisition time and identification/classification errors (U-COFT Handbook,
1985). The Reticle Aim score assesses opening time, time to kill, and reti-
cle aim error. Lastly, the System Management score counts pre-firing switch
errors, ammunition errors, and excessive ownvehicle exposure times. Each of
the scores is reported as a letter grade, A, B, C, or F with corresponding
numerical values of 4.0, 3.0, 2.0, and 1.0.

Participanta. The U-COFT gunner's test was administered at the comple-
tion of other research evaluating training transfer between the U-COFT and
the MK-1 videodisc gunnery simulator (Witmer, in prep). The 32 soldiers used
were M60A3 loaders and drivers from the 194th Armor Brigade at Ft Knox, KY.
The majority had ranks of Private First Class. The soldiers, with few excep-
tions, had not served as gunners other than in Advanced Individual Training,
and had no experience with the M1 tank.

Three TCs were predominately used with a fourth TC used for one session.
One civilian TC was an ex-General Electric employee who had hundreds of

hours of U-COFT experience as a U-COFT TC (COFT-experlence). The other two
were a Sergeant First Class from the Armor School Weapons Department (Sr NCOY
and a Sergeant from the 2/6 Cavalry (Jr NCO), a training support unit of the
Armor School. They had no prior U-COFT experience.

Procedure. The gunners received 1 1/2 hours of U-COFT training during
the U-COFT/MK-1 transfer study. The U-COFT gunner's test began with eight
practice engagements. The last four required use of the Gunner's Auxiliary
Sight (GAS) as there was simulated failure of the laser rangefinder, stabili-
zation system, Gunner's Primary Sight and computer system. The TC trained
the gunner on use of the GAS and how to fire with manual lead and elevation.

The eight subtests were sequentially presented with a short pause be-
tween each. During this time, the U-COFT Instructor/Operator (I/O) had to
terminate the standard 10 engagement exercise, dump the printouts, and enter
the six-digit code for the next subtest. This procedure was awkward and a
few printouts were missed. Following a break, a retest was presented, which
consisted of a different subtest order. The practice, test, and retest took
approximately 2 hours.

An attempt was made to minimize the effects of differential TC perform-
ance by having the I/O talk the TC onto the target. The I/O might have said,
for example, "next target, a T-72, is left in 10 seconds." This modification
theoretically reduced the variability of target identification times across
TCs and minimized fire command errors. The standard U-COFT procedure also
requires the gunner on defensive engagements to move his head out of the GPS,
check the GAS to see that the gun has cleared the berm, say "driver stop",
and then go back to the GPS. This procedure was omitted.

Results and Discussion

For each of the dependent variables, test-retest reliability coeffi-
cients (Pearson r) were computed. The reliability coefficient for Hitrate
(.80), First Round Hitrate (.72), Target ID Time (.87), Opening Time (.22),
and the U-COFT Target Acquisition (.76) and reticle aim (.83) scores are
encouraging.
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Demonstrated reliability is a necessary component for valid tests and
these U-COFT measures appear appropriate. The next logical step is to vali-
date the measures against known and acceptable performance criteria, i.e.,
combat effectiveness measures. The typical inclination is to validate de-
vice-mediated gunnery tests against live-fire gunnery scores. Unfortunately,
the pooi. psychometric properties of the live-fire measures virtually assure a
weak relationship at best. The validation and acceptance of U-COFT tests
will lIkely result from its convergence with various gunnery performance
variables, sound military judgement, and face validity.

The data show poor reliability for Azimuth (.42) and Elevation (-.07)
errors and the U-COFT System Management scores. The elevation and azimuth
error unreliability appears to result from a tight distribution with some
extreme scores. The mean elevation error of .57 mils is within the hit range
of most targets, yet some inaividual subtest elevation errors exceeded 7.0.
The U-COFT Reticle Aim score reduces the effects of extreme errors by scoring
an "P" for any missed target. While the score does reflect time in addition
to lay error, the reliacillity for Reticle Aim score is .83. This suggests
Reticle Aim could be a reliable measure.

The unreliability of System Management errors (.11) may be artifactual
of the U-COFT procedure. The gunners were instructed to leave the gun select
switch on "main gun". On defensive engagements when the crew was "killed" as
the result of being exposed too long, the gun select switch automatically
reset to safe. Random switchiag errors may have then resulted from failure
to put the switch back on main gun. Other system management errors resulted
from incorrect ammo select switch settings.

The feasibility of using U-COFT as a testing device depends, in part, on
its ease of the administration and scoring. Three U-COFT scores, Reticle
Aim, Target Acquisition, and System Management, could well be used as per-
formance measures. The composite mean of these scores yielded a test-retest
reliability of .82, and correlpted .87 with Hitrate. These data substantiate
the internal validity of the U-COFT scoring procedure.

Performance on the eight subtests varied considerably. Mean Hitrate for
single long range stationary targets at night was .91, while the hitrate for
multiple short range moving targets in degraded mode was only .19. Multiple
and moving targets, not surprisingly, were most difficult, although the
hitrate for short range single moving targets was .83.

One minor difficulty with the U-COFT for training and testing is that it
includes dispersion rounds. % gunner may have a perfect sight picture, fire
within the required time limits, and still miss the target. The opposite
also occurred, although less frequently. While the dispersion rounds were
likely included to match live ammunition characteristics, they result in
greater unreliability of testing scores, and random bad feedback for
trainees. Software updates should include the capability of turning off the
dispersion rounds.

TC Performance Effects. Despite attempts to minimize TC effects, U-COFT
performance differed as r function of TCs, i.e., COFT-experienced, Sr NCO,
and Jr NCO. Gunners paired with the COFT-experienced TC had a combined test
and retest Hitrate of 74%, while those paired wit. the Sr NCO shot 64%, and
those with the Jr NCO shot 63%, F(2,28) = 3.89, p < .05. Similar significant
differences for TCz were found for First Round Hitrate, ID time, and the
Reticle Aim Target Acquisition, and System Management scores.
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The data were recomputed to reflect these changes over sessions. The
figure below shows changes in Hitrates for the three TCs over the duration of
the experiment. Each TC session reflects the mean performance of three dif-
ferent gunners.

1.00
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Hitrate .60 k 4

0 COFT Experienced
.40

i  
&Sr NCO

O Jr NCO
.20

1-3 4-6 7-9 10-12

TC Sessions

Hitrate is ostensibly a measure of gunner performance as the gunner
rikes the final lay of the gun and pulls the trigger. Hitrate is shown here
to be also a function of TC performance. The first three gunners paired 4ith
the Jr NCO hit 48% of the targets while his last three gunners hit 77%. Each
session gave the TC about 3 1/2 hours of U-COFT experience, including the
U-COFT time in Witmer's experiment. Three TC sessions, therefore, correspond
to about 10 hours of U-COFT time. The abscissa in the figure could alterna-
tively be labled 10, 20, 30 and 40 hours of TC COFT time. These dat? show
that the COFT-experlenced TC's contribution to hit performance asymptoted
between 10 and 20 hours, while the Jr NCO's contribution had not stabilized
at 40 hours.

Several factors may be contributing to this pattern. First when target
ID time is plotted as a function of TC sessions, improvement in ID time for
the three TCs essentially mirrors Hitrate performance. Secondly, the TCs
might becoming better trainers of the novice gunners over sessions. The TCs
were learning what errors were typically being made by the gunners and were
better instructing the later gunners in these areas, e.g., use of the GAS.
While the observations are subjective and non-systematic, improvement in
training was particularly noticeable for the Jr NCO. At first he nervously
barked his fire commands, and paid lttle attention to the gunner. In later
sessions, he readily assisted the I/O iikhe U-COFT orientation and praised
the gdnners during breaks. General Elect c officials independently reported
a similar phenomenon during their COFT tests. Ts and gunners were at first
blaming each other for misses, but over time greater cooperation developed.

The results suggest at least three things. First, under the conditions
used in this experiment, the U-COFT is not appropriate for testing gunner
proficiency alone, as the gunner's performance was not independent of the TC.
Confederate TCs might first be trained to stable performance levels, but this
would require considerable time and resources, e.g., 40 plus hours. If a
gunner alone test is desired, the soon-to-be-fielded Institutional-Conduct of
Fire Trainer (I-COFT) may be more appropriate. The I-COFT will have essen-
tially the same hardware as the U-COFT but software modifications will permit
voice synthesized fire commands. The U-COFT has been developed as a TC/gun-
ner training device, and for the most part, is better suited for testing the
proficiency of TC/gunner pairs.
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Second, the results reinforce the notion that crew performance is
largely a function of the TC's ability to train his crew. More time might
well be spent on training the TC how to train his crew.

Third, U-COFT performance results from a number of factors, in addition
to the gunner's ability to quickly and accurately lay the gun. Some of the
factors may be idiosyncratic to the COFT itself and not related to live-fire
gunnery performance. The improvement of the Jr NCO over 40 hours of training
may have resulted from a growing familiarity with the device and the com-
puter-generated graphics, and not from changes in his gunnery ability. Had
the TC been going through the U-COFT training matrix, he would likely have
been half way through the matrix before his performance stabilized. Im-
provements in performance might be unrelated to the systematic progression of
target conditions, but of general familiarity with the machine. The built-in
training package is, nevertheless, better than most other training devices
which have none. The validity of the U-COFT as a testing device is threat-
ened by the fact it takes so long to get stable performance.

Modeling Gunnery Performance. The precise target presentation and re-
sponse recording capabilities of the U-COFT result in accurate part-task
gunnery data, which can be used in the development and refinement of combat
models. Various attrition-rate models exist with factors such as time to
acquire target and time to fire following a hit (or miss). The value of
these complex models has been limited, however, by poor parameter estimates.
The estimates have largely come from past battle data which are sketchy at
best, as armies engaged in war are interested in a number of faecturs in addi-
tion to gathering quality data for combat models. The U-COFT has the capa-
bility of gathering reliable estimates under a number of conditions,
including future battlefield conditions. As such, the U-COFT can be used to
evaluate alternative future training strategies.

In the present research, stepwise regression analyses were performed to
help understand what factors were underlying the various performance meas-
ures. Hitrate was found to be primarily determined by reticle aim accuracy,
as target ID time and Opening time failed to significantly load into the
equation. In the previous discussion of factors affecting changes in hitrate
over TC sessions, changes in target ID time were shown to parallel changes in
hitrate. The regression analysis suggests, however, that changes in target
ID time are unrelated to changes in Hitrate, once the effects of aiming error
are removed. This finding lends additional credibility to the explanation
that improvement over TC sessions resulted from improved training of the
gunner.

Genieral Discussion

The results demonstrate the U-COFT holds great potential as a device for
assessing gunnery proficiency, although not necessarily for gunner-alone
tests as tried in this research. Test-retest reliability coefficients ex-
ceeding .80 were found for a number of performance measures including Hitrate
and target ID time. These measures are well within the acceptable
psychometric range for military tests. In addition, U-COFT tests might be
used as criteria against which other less expensive or portable tests could
be validated.

The U-COFT proficiency test developed for this research mirrored target
conditions in the MI tank Table VIII. This may not be necessary. As
Boldovici (1979) noted, the lowest level of "enabling skills" required for
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gunnery performance, e.g., psychomotor skills and system procedural knowl-

edge, are highly redundant across engagement conditions. As a result, it is
unlikely that a crew who is relatively good at long range moving targets at
night would be poor at short range stationary targets in daylight.

The high Hitrate for single stationary targets further demonstrates the
relative ease of using the M1 fire control system when it is fully opera-
tional. Considering that the experimental gunners were M60A3 loaders and
drivers with little gunners' experience, a ceiling effect would be expected
if the easier target engagements were used with experienced TC/gunner pairs.
Perhaps the best feature of the U-COFT is its ability to train and test under
various degraded conditions. Future U-COFT tests might plrce even greater
emphasis on evaluating degraded gunnery performance, e.g., manual control

conditions.
Improved evaluation of tank gunnery skills with the U-COFT can lead to a

stronger Armor force. Skills and abilities other than those measured by thi
U-COFT are, however, equally important and should not be overlooked. Graham
and Black (1985) found that soft skills, e.g., ability to train, ability to
communicate, and general leadership qualities, were predominately identified
as the distinguishing characteristics of TC excellence. Likewise, the re-
sults described here show the TC's ability to train his gunner has a large
effect on gunnery performance. Continuing development of evaluation batter-
ies which assess both hard combat-oriented skills and soft leadership skills
is needed, if the force is truly to become an Army of excellence.
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Criterion Referenced Testing for the U.S. Navy's Nuclear Submarine Fleet

Jeffrey A. Cantor and Lee Walker
DDL-OMNI EngineerIng
McLean, Virginia

The design and development of criterlcn-referenced Systeri Achievement
Tests (CR SATs) for each of the havel Eni istea Classifications (NECs)
associated with the Fleet Ballistic Missile (FBl) Strategic Weapon System
(SWS,1 Training Prograr is a goal of the d.S. hav ls Strategic System Prograr.
Office (SSPO). DDL-OMNI Engineering nas been involved in the design,
development and refinement of a method to accomplish this goal over the
past two years. The methodology which will be described In this paper
presentation has evolved as a result of the planning, trial and refinement
cn the part of both SSPO and DDL-OIINI Enoinecrlng.

EulrZrcnd

The CR SAT is a test which is administered to all SWS technicians periodically
to measure overall systemr kowledgc and skill levels based or the specified
jobs/tasks and procedures identified as essential for e&ch NEC. The primary
purpose of the SAT is to evaluate the readiness of the personnel to operate
the equlpments within tleir NEC, so as to accomplish te ship's missicn;
its seconddry pupose it to assess the knowled e Lnd skill of the personnel
tested. Previous Ef'ort at c test design specification far a SAT had
geeraly beer in ter.,s of the forn4t enc contort of a previous version
uf tl.e SAT within a given NEC. This procedure dd not allow for control
it terms of overall coverage of ell requisite jobs/tasks and procedures,
nor did it allow for updating of infcrr,,ation coverage necessary as a result
of changes it, technology of the equipment and changes in procedures. The
new CR SAT program. was initiated to allow for such changes.

7est Deign Speeification

The basis for the construction of 6 CR SAT is the test design specification.
This specification is an engineering blueprint of the knoeledges Identified
as necessary to possess Inr order tc ffectively perfor, as a competent
FB14/SWS technician in the specific iEC for which the ZR SAT is written.
The project undertaken to produce a tst design specification allows for
inputs to ensure Ldequete cortent coverage and changes iii technclogy and
at the sarac time, be saif-sustaining In a dynamic NAVY personnel system. The
project tean Includes contractor subject-matter experts, training data
analysis, and competent and knowledgeable NAVY technici:ns and supervisors
represelto.lve of the NEC under developnent. The r,,ethodclogy devised for
the test deEsgn specification is predicated on the use of a cor,ittee
of technical experts witt current knowledge of the joos/tasks and procedures
necessary for successful perfcrrance ir the NEC for which the specification
I!; to be conbtructed.

The contractor project leaders, In preparation for the test design specif-
jcation workshop, prepare a comprehensive lIsting of those jobs/tasks
end procedures identified as necessary to the function of the NEC. This
listing of jobs/tasks and procedures corn.c. from Cpplicable Perscnnel Profile
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Tables (PPPs), Training Level Pssignments (TLAs), and other procedural
docunentotlon literature which supports the equipsent systems operateo
by the respecti~e hEC. These listings are then prepared in the categories
of the applicable equipment syE_ em/subsystem or to the applicable area
of administration/security, casualty operating procedures, or watch qualif-
ications. The basic test will Include approximately 360 question Items,
olvided Into sections of equipments (approxlmately 270 itens,, administration-
/security (30 items), watch qualifications (30 items), drna casualty operatins
procedures (30 items).

Test Deion iorkshoo Process

The workshop Takcs the form of a five-day convening, with technician represent-
etives fror, each of the Subrarine Groups. Since two levels of lasts will
be constructed for each NEC, one at the watcthsander level and one at
the supervisor level, personnel represonvlol;ve of each of the levels are
idenified lo participate. In actual operation, two concurrent workshop
convenings are held. The technicians are first oriented to the purpose
of the workshop. Curing tte week-long workshop process, the technicians
will be providing feedback regarding each of the above cited categories.
In the case of the administratio.n/security category, the technicians provide
inputs via a Q-SORT process. In this Q-SORT, each technician prioritizes
a stacl of 3x5 index cards; each card containing one procedure relating
to adninistration or security. After each technician completes the prioriti-
zing of his stack of cards, the group of technicians assembles and rates
thet one group's set of ccrds which becomes the final listing of procedures
for that section of the cesisn specification. The technicians become familiar
with the consensus-seeking process prior to ccripletinS this exercise.
A short consensus-seeking exercise is provided In order to acquaint them
with this process.

The equipment crea of the test involves the technicians providing inputs
vi& working in sets of orepared booklets. Each set of booklets represents
an equipment subsysiem identified as one for which tl,e NEC is responsible. The
pu pose of this exercise is for the technician to provide insights into
the relative importance and difficulty which an entry-level or r.Inirraily
competent technician should find wilh that equiprent. The group of technicians
is presented with an overview of the description of the n.ni inally competent
technician, ii terms of petrol experience, rating, and subwarine/waichstander
qual if ications.

The first equTprent booklet provides far a rierarchaly ranking of the
equipmenl subsysteras. It is here thoi the technician ranks the equipments
Lccording to categories of perfcrr-ence of maintenance procedures. Baseo
on a surntion of categories of performance of each of these rctings,
a h;erarchial listing of equipment subsysterm Is produced. The lowest
cf equipments might be deleteC from the test, depending on the number
of subsystems of equipment ossoclated with 'tat NEC. It is important
to noie that of the approxi'ately 27C items allocated to equipments, c
proporticnal nurber of items will be assigned herdrchially to each equipment.

I vying corplete. the equiprent hierarchial ranking, the technicians next
nove into ile rating of individual equipment packages. This exercise
will provide tfhe necessary inputs io deterrine which phase of cquipment
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operation should be tested. The technicians will review each op~rating,stand-
ard maintenance, casualty, and corrective maintenance procedure associated
with each equipment package. These ratings will be In terris of criticality
of perfornance and difficulty of performance. Irm.edietely after the packages
are rated, a computerized scoring algorithm will process the 0ate and
produce a hierarchially ranked listing of jobs/tasks associated with each
equiprent subsystem, and its ranking with reference to the entire subsystem.

This listing will also contain the nunbers of iten, to be assignee to
each of the jobs/tasks or procedures. TrP next step fo r the group of
technicians is to assign suggested cognitive levels for testing purposes
to each of the jobs/tcsks or procedures. This cognitive level exercise
is preceded by a brief workshop in the process cf deternining appropriate
cognitive lEvels.

Fr c,tve Test Cevelonnpert

The finalized tesi design specification is produced on-site via a word
process;ng compLterized process, and is reviewed by the technician group
prior to the end of the workshop. The next step Is for the contractor
to gain approv&l of the test design specification by SSPO and the Type
Corimr nder. After approval is granted, a prototype test is developed by
the cortractor. This: test, which reflects 360 multiple-choice type questions,
follows the design specification. Question items which are specified a
cognitive levels above recall are often written in situation s.ls to elicit
responses that would reflect Lnderstanding of problem solving associated
with the equipments or adrrinlstrative procedures.

Performance Standard Deve lcojrL

A second week-long workshop Is held after the prototype test is developed
and after an internal quality control process Is accomplished. This Q-C
process Involves revlew

t
eg the Items for compliance with a NAVY OD specificat-

ion dcvelopec for the FB/SWS program. The second workshop involves another
two groups of NAVY technicians representative of the NEC; one at the watch-
stander and one at the supervisor level. This second group of technicians,
again working independently but concurrently with each other, will have
the task of reviewing their respective test and determining acceptable
perfcrriance standarus. The task for the technician group. is to ascertain
the minimally acceptable performance level for the wotch!utander and supervisor
respectively. The process adopted and adapted for this ascertaining of
ninirial 1l acceptable perfcrr,.ance standards is a modified Ebel liethod.
This modified Ebel was developed afler consultation witl Educational Testing
Service consltants and other consultants, all of whom had extensive
experiences In the testing and measurement sciences. The Ebel Nethod
involves a jury panel of job incumbents and others with an expertise In
the job under cons;deration, all of whom will make judgments concerning
the ability of a ninimally competert candidate to answer each question
item or series of iteris correctly.

In practice, an ideni ification of o committee of successful job "ncumbents
and supervisors of incumbents is selected. Tie Subnarie Groups have
this as a tasking. Questionnaire instruents are prepared to elicit responses
from each of the job incumbents. At tie outset of the workshop each conrittee
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member Is asked to take the prototype test. The tests are then scored,
and the results made knowr to the commrittee. This has the effect of providing
a benchmark of performance to the committee. After all, they realize
that they reDresent the higher performers In that NEC.

The next phase of the workshop Involves each coownittee-mesrber reviewing
each area of the test, section by s;6ction, from administration/security
through each equipment subsystem, which Is prepared in tne questionncire
booklets. The technician commtten-member Is asked to respond to the
question item In terms of Its difficulty (categories Include easy, moderate,
hard), and Its relevance to the overall mission of the boat (categories
include essential, Important, acceptable and questionable). Relevance
ratings represent the following: (a) essential - represents knowledge
that Is of the utmost Importance to successfully performing a task; Cbimport-
ant - represents knowled~ge that a technician needs to know in order to
properly perform his duties; (c) acceptable - this question area represents
useful/nice-to-know Information; and (d) questiona~e - this Information
Is not required in order to do the job.
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For each Item, the ccawittee-merrber will assign one of the rankings from
each of these two dimensions. After the connitteementers complete this
exercise for a test section, which Is Included In one questionnaire booklet,
the panel moderator, a ceontractor representative, will convene the entire
gro-,p to discuss the findings and reach a consensus decision and overall
ranking for the Items In that test section. This consensus ranking Is
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accomplished using the matrix format depicted below.

*OF Ilms 10 0;: ITIMS IsOFSYMS aPROPfORTION .90 PROPORTION .95POPRIO 7

OFIE ,70 T EM 6 # 0, , ffm
PROPORTION .60 POPORTION .T6POPRIO 4

. of ITEMS 4 # OF ITEMS a S 1,IEM

PROPORTION .6i 1 ROPORTION .50POOTO 6

CUT*OFF SCORE * (10 a .S0)*(ll a AI).(S a.70)
(? z .SO) (S a .TS) (3 a .60)

(4 X .05) S to .SM) (9 X .60) * 56.4

MAXIMUM POSSIBLE SCORE - 80.0

Pre-estab!:shed percentages are assigned to each cell of the matrix to
assist in converting the findings to a percentage "cut-score" for test
reporting. The moderator begins a discussion of the test Items and displays
the findings offered by each committee member on the graphic. Outlyers,
that is ,major discrepancies from any established pattern of response are
discussed. A consensus finding is the goal of the exercise. This procedure
is then repeated for each area of the test. After the entire test is
reviewed In this manner, the committee has an opportunity tc review the
findings for each area of the test.

Test Scoring Format

After the cut-scores are established and the prototype test is approved,
the SAT Is released for administration. The SAT program is designed for
at-sea administration. Therefore, a package of tests, proctor guides
and ancillary testing materials is prepared and delivered to the crew
prior to deployment. When the ship returns to home port, the answer sheets
are optically scanned for scoring purposes. The tndividual SAT Is scored
by area/subarea of the test. The number of Items correct Is presented
as a percentage correct of the total number of Items Included In that
area/subarea of the test. This Information Is then presented graph.cally
In a Test Report which Is distributed to tho SSPO, TYCOM and Crew Commander.
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Test Reporting Format

A typical Score Report will present the overall test contents In outline
form. It will present, by personnel tested, the recomendations for training
as a result of the test. These recommendations will be made by area/subarea
of ihe test. The report will also flag potential problem areas Identified
as a result of a composite of the test findings, Including the crew In
question. This Is accomplished by presenting both the mean (x) and the
average scores, as well as the scores of the crew in question, for each
area/subarea. This Information Is also graphically displayed. A sunmary
sheet will also call out Individual scores for each area/subarea ior each
technician who takes the test on that crew. A score falling below the
cut-point will be bracketed for easy recognition.

. ... ...... ... ... :. ' .- . "...* 5.;

Summary

This presentation has described a testing program currently In operation
for the FBK/SWS Submarine fleet. It discusses the major Iterations conducted
to arrive at a performance based System Achievement Test. These steps
Include a test design workshop which Involves Incumbent technician personnel
reviewing documentation for suitable Information for testing; developing
and acquiring test Items at appropt late cognitive levels for inclusion
Into the test; developing a prototype test and subjecting this test to
review; conducting a cut-score or performance standard determination workshop
to ascertain appropriate performance levels; and scoring and reporting
the findings In a meaningful manner for those officer personnel wno mist
make personnel judgments about the state of readiness of the FBi program.
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A Study of Suggestopedia at the

Defense Language Institute Foreign Language Center (DLIFLC)

Brian J. Bush

U. S. Army Research Institute Field Unit
Presidio of Monterey, California

This report documents the results of a study conducted to evaluate the

effectiveness of "Suggestopedia", a method proposed to accelerate language

learning, as compared to the standard instructional methodology implemented by

DLIFLC. An additional effort was made to evaluate a flexibly-scheduled
methodology identified by DLIFLC as a target of opportunity.

Methodological definitions

The Suggestopedia methodology is characterized by a variety of techniques

emphasizing a relaxed and positive learning atmosphere. The instruction is

delivered in situational contexts maximizing the use of the oral communicative

skills of proficiency. The flexibly-scheduled treatment is similar to the

standard DLIFLC methodology, except that the former uses a pacing of the

presentation of material based upon group readiness rather than a fixed

schedule for the presentation of materials. Both methodologies use the
Progressive Skill Integration (PSI) approach which is a functional approach to

language teaching that stresses the irtegration of the various components of

language (i.e., pronunciation, grammar, vocabulary, writing systems, etc.)

into communication skills. It is a progressive approach in that students
progress through a number of stages beginning with the perception of new

concepts and culminating with the acquisition of working communication skills.

Objectives

The objeccives of the study were to compare the effectiveness of the
Suggestopedia method with the standard DLI method as well as to provide an

evaluation of the flexibly-scheduled pacing procedure.

Method

Subjlects

The study included forty Junior enlisted Army personnel scheduled to begin

the Russian Basic Course (RBC) randomly selected and sorted into two sections

for each of the Suggestopedia and standard DLIFLC courses.

One section of ten junior enlisted Army and Navy personnel comprised the

flexibly-scheduled group. This group was previously identified and in place

prior to its incorporation in this study.
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Measurement instruments

Effectiveness was measured and evaluated by academic performance and
student attitudes toward the methodologies. Three measures of academic
performance were used. One was a set of achievement test scores. A second
instrument used was a Proficiency Advancement Test (PAT), a combined measure
of both achievement and proficiency. The distinction between achievement and
proficiency is that achievement measures performance on course materials,
while proficiency measures performance with the target language regardless of
the course of instruction. The third measure of academic performance used
was a face-to-face oral interview which is considered a measure of
conversational proficiency only.

Measures of both proficiency and achievement were used in order to provide
a better evaluation of the Suggestopedia methodology as compared to the
standard and flexibly-scheduled DLIFLC methodologies.

Srudent attktudes were measured using a pre and posttest instrument and a
weekly attitude survey. The pre and posttest addressed student attitudes
toward learning Russian and toward learning foreign language in general. The
weekly attitude surveys measured student attitudes about themselves while in
class, their opinions about the class, and opinions about their instructor(s).

Administration of measurement instruments

The instruments designed to measure academic performance were administered
at different intervals in accordance with completion dates projected by the
Suggestopedia and standard DLIFLC methodologies. The standard DLI group had
the normal fifteen weeks for completion of the same curriculum that the
Suggestopedia group had for completion at the end of ten weeks. The flexibly-
scheduled group found that they completed the same curriculum in fourteen
weeks.

Attitudinal measures followed the same schedule as identified tor the
performance measures. For example, the posttest was administered at the end
of weeks ten, fourteen, and fifteen for the Suggestopedia, flexibly-scheduled,
and control groups respectively.

Results

Demo raphic variables

Tests of equality between groups were conducted on demographic variables
considered to have a possible relation to treatment outcomes. The variables
examined were as follows: Military rank, uilitary occupatioral specialty
(MOS), age, years of military service, Defense Language Aptitude Battery
(DLAB) scores, educational level, prior language training, General Technical
(GT) scores, and gender. A pretest measure of attitudes toward learning
Russian and toward learning languages in general was also used to check the
equality of the three groups. No significant differences were found among the
three groups on any of the demographic variables or on a comparison of the
pretest results.
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Achievement tests

An analysis of variance was conducted on the two main components of the
achievement tests, written and oral. Results from the written component

indicated significant differences among the Suggestopedia 0M-44.63), standard

DLIFLC (M-81.49), and flexibly-scheduled (M80.87) groups, F (2,46)-48.21,k

<.05.

Results from the oral component also indicate significant differences
among the Suggestopedia (M-62.90), standard DLIFLC (M-78.23), and flexibly-

scheduled (M-79.93) groups, F (2,46)=11.43, y<.
0 5

.

Results of T-tests indicated that both the standard DLIFLC and flexibly-

scheduled groups scored significantly higher than the Suggestopedia group on

the oral and written components. There were no significant differences

between the standard DLIFLC and flexibly-scheduled groups.

The results indicate that the greatest differences between the

Suggestopedia and the two comparable DLIFLC groups are on the written portion

of the achievement tests. This finding is expected, in part, because of the

emphasis placed by the Suggestopedia methodology on the oral rather than

written features of language learning. The comparability of scores for the

standard DLIFLC and flexibly-scheduled group reflect both the similarity

between their methodologies as well as their balance with written and oral

instruction.

Proficiency Advancement Tests (PATS)

An analysis of variance was conducted on each component of the PAT, (i.e.,

listening, reading, and speaking). No significant difference was found on the

listening component among the Suggestopedia (M-58.46), standard DLIFLC

(M-66.23), and flexibly-scheduled (M=63.73) groups, F (2,43)-2.83, y>.05.

Significant differences were found on the reading scores among the

Suggestopedia (M-66.71), standard DLIFLC (M73.47), and flexibly-scheduled

(.4-75.10) groups, F.-(2,43)-6.16, y<.05.

The third component of the PAT, speaking, again reflected significant

differences between the Suggestopedia (M.64), standard DLIFLC (M=.89), and

the flexibly-scheduled (M-.79) groups, Y(2,43)-7.632,, y<.05. -

T-tests conducted between the groups on each component indicated that,
with one exception, the standard DLIFLC and flexibly-scheduled groups scored

significantly higher on each measure than the Suggestopedia group. On "he
listening component there were no significant differences between the

flexibly-scheduled and Suggestopedia groups. In each test there were no

significant differences between the standard DLIFLC and flexibly-scheduled
groups.

As expected, the PAT results, while still showing significantly lower

scores for the Suggestopedia group, indicated somewhat higher overall scores
on the PAT then on the achievement tests. The PAT is the first measurement
which begins to incorporate elements of proficiency, which are more closely in

consonance with Suggestopedia's total emohasis towards language learning.
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Face-to-face oral interview scores

The analysis of variance conducted on the face-to-face oral interview
scores found no differences between treatments. This is most probably
attributable to the small level of proficiency attained after only ten or
fifteen weeks of study as well as the early emphasis Suggestopedia places upon
proficiency as compared to the more gradual development of proficiency, by
DLIFLC, through the integration of the various components of language into
communication skills and proficiency.

Attitudinal results

Attitudinal measures failed to dJscriminate among treatment groups.
However, it was interesting to note that the students had positive attitudes
toward their particular methodologies. They also felt confident, across
groups, in their ability with the target language.

Discussion

Based upon achievement and proficiency measures, the Suggestopedia
methodology did not accelerate learning in the context of this study. In
fact, Suggestopedia's gains were significantly less than those found for the
standard DLIFLC and flexibly-scheduled groups on both the oral and written
measures of achievement, and on the three measures from the Proficiency
Achievement Test (PAT), listening, reading, and speaking, with the
aforementioned exception on the listening results.

There is some indication t at Suggestopedia scores improved as measures of
proficiency were increased. Suggestopedia scores were poorest as compared tc
the two other groups on the achievement only tests. On the PAT, which first
began to incorporate some proficiency applications, Suggestopedia scores
improved with regard to the other two groups. A further indication of this
trend by Suggestopedia to do better as more measures of proficiency are
included for evaluation is that there were no significant differences among
the three groups on the face-to-face oral interview, a measure of proficiency
only. Therefore it seems apparent that Suggestopedia scores would be lower on
the acnievemcIt-oriented measures which are more heavily stressed during the
earlier stages of language learning. A second point shoudl be made regarding
proficiency results,, especially for the face-to-face oral interviews.
Proficiency findings may not be able to provioe clear discriminations between
methods at the early stages of language training.

The combination of findings from this study, ?long with the research in
related Suggestopedia areas indicate a potential use for at least some of the
components found in the Suggestopedia method, for example, the use of
incidental learning as a teaching technique the emphases on relaxation and a
pocitive attitude toward the target language. Martin and Schuster (1974) and
Lipsitt and Lolordo (1963) reported a curvilinear relationship between
learning and stress. Learning increased as stress increased up to an optimum
level after which learning fell off as a function of increases in stress
(demonstrating the Yerkes-Dodson Law).
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If Suggestopedia were to be used as some farm of enrichment adjunct to the
established DLIFLC language training program, it should probably be used from
one to five weeks. This may be the best time interval since positive student
attitunes and the instructor energy required to implement a Suggestopedia
program seemed to peak and then dimish after approximately five weeks of
intensive application. However, specific components characteristic of the
Suggestopeaia methodology that are found useful in this study could be
ircorporated throughout the course of instruction.
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Exceptional Recruits: A Look at High- and Low-Aptitude Personnel

Anita R. Lancaster
Office of the Assistant Secretary of Defense

(Force Management and Personnel)

The Department of Defense, on a quarterly and annual basis, reports on
the "health of recruiting" by describing the quality and quantity of youth
accessed. Recruit quality is defined in terms of aptitude test scores and
educational level (high school graduation status). During periods of favor-
able recruiting, such as that experienced since 1981, DoD typically reports
that accessions have above average aptitude and that their high school
graduation status is as good or better than that of the American youth
population.

Recently, however, DoD has reported recruiting men and women of unpre-
cedented quality. For example, in Fiscal Year (FY) 1984, all four Services
met or exceeded their accession objectives. Of the 333,400 young men and
women entering the Services last year, 93 percent possessed high school
diplonas and 93 percent scored average or above average on the enlistment
aptitude test. This contrasts with previous high school graduate recruit
levels of 91 percent in FY 1983, 86 percent in FY 1982, 81 percent in
FY 1981, and 68 percent in FY 1980. Similarly, the FY 1984 aptitude level
of 93 percent in the average or above category compares with 92 percent for
FY 1983, 87 percent for FY 1982, 82 percent for FY 1981, and 69 percent for
FY 1980. Although the trend nas been upward, it appears that recruiting
results for FY 1985 will be similar to those of FY 1984.

Seventy-five percent of American youth have high school diplomas and
69 percent of a nationally representative sample of American youth ages 18 to
23 scored average or above on the enlistment test. Given that 93 percent of
FY 1984 recruits both have high school diplomas and scored average or above
on the enlistment test, it would seen that the Services have taken in a
disproportionate share of high quality American youth into their ranks over
the past five years.

Because of the exceedingly high quality levels achieved in recent years,
there has been considerable speculation that the Services' abilities to
successfully enlist such youth, over time, simply cannot continue. In fact,
some contend that an improving economy, a decreasing manpower pool, and keen
conpetition with higher education and employers for bright young people may
result in a significant decline in the quality of recruits in the future.

There is no doubt that if recruiting becomes more difficult, the costs
of competing with the private sector for exceptionally high quality youth
must be weighed against the consequences of incrementally lowering recruit
quality levels. Someday, for example, we may have to consider the option
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of lower aptitude standards against increased military pay or reenlistment
bonuses. There also, undoubtedly, is some point of diminishing returns -
where a decline in recruit quality would adversely affect force readiness.
Current state-of-the-art, however, does not provide us with any precise way
to calculate the effects of varying such options.

It is incumbent upon the Department of Defense to begin to plan for
potential recruiting difficulties now. It would be unconscionable for us to
believe that current recruit quality will continue in an unmitigated flow.
Similarly, we would be remiss in not exploring the development of methodo-
logies for determining appropriate quality levels so that we do not increase
recruiting resources to maintain inflated levels. We would not want to make
these decisions capriciously. We need to know how much it costs to recruit,
train, supervise and retain personnel at all aptitude levels in order to make
informed decisions.

Fortuitously, we are in a position to study the effects of having
accessed both high- and low-aptitude recruits. At la~t year's Military Test-
ing Association conference, Lieutenant General E. A. Chavarrie, Deputy
Assistant Secretary of Defense (Military Manpower and Personnel Policy)
outlined the research efforts we then were initiating in this area, and I am
pleased to report that we have made considerable progress since then.

With regard to researching the effects of enlisting high-aptitude
personnel, Ms. Janice H. Laurence, from the Human Resources Research Organ-
ization (HumRRO), will present a paper she co-authored with Ms. Elizabeth
Schneider, also from HumRRO, on the "Enlistment and u1tilization of High-
Aptitude Recruits." This competitively bid project recently was awarded to
HumRRO and, through this research, we will be learning about the demographic
characteristics and pre-service experiences of high-aptitude recruits. In
addition, HunRRO researchers will be examining the occupational assignment of
high-aptitude personnel and their performance, relative to lower aptitude
personnel; thus, we hope to be able to develop a model for estimating the
incremental benefits of enlisting higher aptitude youth versus those of
somewhat lower aptitude. If we able to do so effectively, we will be in a
position in the future to answer "What.. .if" types of questions with regard
to the effects of lowering or raising recruit standards.

Another HumRRO researcher, Dr. Barbara Mj. Means, will be presenting a
paper she co-authored with Its. Arti Nigan and Ms. Jane G. Ileisey, also from
HumRRO, entitled, "When Low-Aptitude Recruits* Succeed." These researchers
have been studying the characteristics and performance of two cohort groups -
those recruits accessed during Project 100,000, when low-aptitude personnel
deliberately were enlisted, and the recruits who were unintentionally
accessed during the nisnorming of the enlistment test in the late 1970s.
These analyses involve not only an examination of the military performance of
low-aptitude recruits, hut an assessment of the impact of military service on
the post-military lives of these recruits. The data that Dr. leans will
share on the military performance of low-ability personnel is illuminating.
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Finally, Dr. W. S. Sellman, Director for Accession Policy, Office of the
Assistant Secretary of Defense (Force ianagement and Personnel), will provide
us with discussant remarks. Dr. Sellman was one of the original Project
100,000 researchers under Mr. I. M. Greenberg, then Director of Project
100,000 for Defense Secretary Robert S. McNamara and later a Deputy Assistant
Secretary of Defense. Today, Dr. Sellman has responsibility for setting
policy for recruitment and utilization of high- and low-aptitude personnel.
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Using Military High- and Low-Aptitude Recruits Wisely

Wayne S. Sellman
Office of the Assistant Secretary of Defense

(Force Management ard Personnel)

Time and tine again the Department of Defense has expressed its interest
in and need for quality personncl. tie try to maximize the enlistment of
youth whose aptitude and education level ensure the highest probability of
successful military performance. Nongraduates and lower-aptitude personnel
are less adaptable to military life and are harder to train than their high
school graduate, higher-aptitude counterparts.

Despite DoD's preference to enlist the bright and well educated,
recruiting market trends, conditions, and constraints in the past have led to
enlistment of substantial numbers of low-aptitude personnel and less than
optimal use of high-aptitude personnel. Though currently there is no
recruiting "red alert" in terms of attracting adequate numbers of bright
young people into the military, prudent management calls for planning against
a time when this might not be true.

With a declining manpower pool, the Services will be in heavier competi-
tion with the private sector for young "employees," particularly those of
high-aptitude. Because high-quality personnel may become more difficult to
recruit and retain, it is a propitious time to begin studying in more depth
both the performance of low- and high-aptitude personnel so that we may use
our resources wisely.

Lessons from the Past

As mentioned previously, the Defense Department has experience with
accessing large numbers of relatively low-aptitude personnel. From 1956
through 1971, for instance, 320,000 low-aptitude oen entered service under
"Project 100,000." This program, as part of President Lyndon Johnson's War
on Poverty, admitted low-aptitude men, including many who would have been
disqualified under previous aptitude (test score) standards, into the
military so that they might learn useful skills. Though Project 100,000 was
initiated to provile the military's educational and training opportunit,es to
our nation's culturally disadvantaged youth, it also served as a partial
solution to the quantitative manpower demands imposed by increasing American
involvement in Vietnai.

Between 1976 and 1980, a second large-sca'o accession of low-aptitude
individuals occurred. This occasion was not in response to a specific,
planned program; rather these large numbers of low-aptitude recruits resulted
from the inadvertent misnorming of the Armed Services Vocational Aptitude
Battery (ASVAB), the test given to select and classify recruits (Sellnan &
Valentine, 1981). Had the test been properly calibrated, many of these
"Potentially Ineligibles," as Greenberg (1980) named them, would not have
qualified for enlistment or would have been assigned to less demanding
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occupational specialties. This "unfortunate" occurrence may have also been
fortuitous in forebtalllng major manpower shortages during this difficult
recruiting period.

Looking Toward the Future

liany people believe that the Defense Department's role as an institution
in American society goes beyond that of "providing for the common detense."
Because the military is tnis country's largest employer of youth, many social
engineers believe that DoD should have responsibilities for training and
imparting lasting skills and values for society's disadvantaged youth.
Military Service, they believe, should provide job-relatcd training oppor-
tunities for valuable social and growth experiences, and increased interac-
tion and cooperation with a wide variety of different kinds of people.
Disadvantaged youth should be afforded the opportunity to "grow-up" in a
reiatively structured environment--learning to be responsible productive
citizens.

One does not have to agree with this role for Do to understand that the
Services have accessed low-aptitude youth many times to come to the nation's
defense and to provide needed manpower. In the event that the Defense
Department is called upon in the future to admit large numbers of low-
aptitude recruits, the lessons learned from the past may prove invaluable.
DoD should understand more fully the effects of low-aptitude personnel on the
military and the military's effect on such individuals.

From Low to High: Developing Human Resources

The Department of Defense's role as a develo er of human capital has
been directed primarily at those recruits who are of average or above average
ability. Lpss is known about developing the skills and abilities of low and
very high-aptitude recruits so that they might reach their respective full
potential in the military and carry with them the benefits of their military
experience into civilian life.

Three research studies are currently being conducted which address these
questions. Our project dealing with high-aptitude enlistees will describe
their enlistment motives, performance across jobs of varying complexity, and
reasons for leaving military service. This study will also compare the costs
and benefits associated with accessing high- versus average-aptitude
enlistees. This is the most comprehensive attempt to investigate performance
of high-aptitude personnel.

The second study aims at investigating the ability of low-aptitude
individuals to function effectively in the military--an issue of concern for
years. Though research indicates that low-aptitude enlistees do less well in
military training, there is a scarcity of empirical data concerning their
actual job performance. Regardless of DoD's role as a social institution,
information is needed concerning the costs of traininq and super, sing these
individuals when placed in various military occupationa: categ-i-.
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The third stuoy exanines the effect of military service on the post-
military lives of low-aptitude veterans. Advantages provided to low-aptitude
enlistees (i.e., maturation, identification with an established organization,
enhanced self worth, responsibility, training opportunities) are obvious,
according to social observers. However, actual data documenting employment
and social experiences of low-aptitude veterans has not been available
generally. This project allows for detailed comparisons of low-aptitude
veterans accessed during Project 100,000 (1966-1971) and the ASVAB misnorming
(1976-1980) with their low aptitude norveteran counterparts.

DoD's current pioneering efforts, aimed at studying the utiliuation and
perfornance of youth at both ends of the ability distribution, will enable us
to use our precious resources wisely. Knowing the strengths and weaknesses
of both high- and low-aptitude personnel will enable DoD to assign them nore
efficiently and better meet the challenges of the changing demographics of
the next decade.
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When Low-Aptitude Recruits Succeed

Barbara M. Means, Arti Nigam, and Jane G. Heisey

Human Resources Research Organization

The CNO.. dres not want enlistment standards lowered and he cer-
tainly dc,- not want another "Project 100,000," the infamous effort
of a generation ago to bring into the armed services individuals
below minimum enlistment standards and *train them up" so they
could perform adequately. "Project 100,000' is almost universally
remembered by military people as a disaster that caused the mili-
tary services tremendous grief.

John Burlage, The Navy Times,

February 25, 1985

... there was little, if any, measurable adverse effect on the
services and very substantial gains, in my opinion, to the individ-
uals and to society.

Robert S. McNamara, in interview
with T. Sticht, April 26, 1985.

The extent to which the military services should accept individuals with
low aptitude test scores for military enlistment has been, and remains, a
controversial topic. Both during Project 100,000, when the acceptance of
large numbers of young men previously ineligible because of their aptitude
scores was instituted as a social welfare program, and during the misnorming
of the enlistment examination when thousands of low-aptitude individuals were
accidentally accepted for military service, emotions have run high. Military
commanders argue that increased training costs, poorer military performance,

Paper presented at the Military Testing Association, San Diego, October
1985.

This research was performed under contract No. N66001 with the Navy
Personnel Research and Development Center and was sponsored by the Director-
ate for Accession Policy, Office of the Assistant Secretary of Defense (Force
Management and Personnel). The views, opinions, and findings expressed in
this papet are those of the authors and should not be construed as Department
of the Navy or Department of Defense position or policy unless so designated
by other documentation.

The authors wish to extend their gratitude to the Defense Manpower Data
Center (DMDC) and particularly to Les Willis, who performed the statistical
tabulations of DMDC Cohort File data.
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and a tarnishing of the military's image result from accepting large numbers
of such individuals. Social critics point to the military's capability to
provide a positive force for improvement in the lives of the economically and
educationally disadvantaged, and note that when operational aptitude stand-
ards are raised in good recruiting years, smaller proportions of women and
minorities (who score lower on the enlistment examination) are accepted for
military service.

For enlistment purposes, intellectual aptitude is measured by Armed
Forces Qualification Test (AFQT) scores, which are reported in terms of
percentiles and are grouped into five broad categories- -Categories I through
V--with Categories III and IV further divided into subgroups denoted by
letters. Numerically higher groups signify lower aptitude. Category IVA,
for example, includes percentiles 21 througn 30, and was the lowest eligible
aptitude category for high school graduates in the Navy, Air Force, and
Marine Corps; the Army accepted hign school graduates in Category IVB, which
includes percentiles 16 through 20. Higher aptitude standards were set for
non-high school graduates (except in the Marine Corps).

Rather than join either side of the "I loved it" - "I hated it" debate,
we have chosen to reframe the question. When low-aptitude individuals are
brought into military service, where do they perform best? The services, of
course, have their own ideas about this question, and these are reflected in
the minimum aptitude scores set for entry into various jobs and in quotas set
for the maximum number of Category IV personnel that can be recruited for a
given job. A July 1984 memo from the Army Deputy Chief of Staff for Person-
nel (DCSPER) to the Army Recruiting Command, for example, stipulated that the
specialties for which the most Category IV personnel could be recruited that
year were infantry (14.4% of Category IV recruits), motor transport (8.4%),
cannon crew (6.1%), and food service (5.1%). Many jobs, such as intelligence
analyst, radar controller, and computer repairer were not to get any Category
IV personnel.

The largest, recent data set concerning the performance of low-aptitude
military personnel is found in the Defense Manpower Data Center (DMDC)
records for those individuals who entered service between January 1976 and
October 1980 as a result of an enlistment test miscalibration. The particu-
lar aptitude score range of those individuals let in by mistake varies
depending on the service entered and the individual's education level, since
required scores vary for these groups. The analyses to be reported in this
paper contrast the highest of the ineligible aptitude categories (which con-
tained most of the inadvertent acceptees) for each service/education group
with the lowest of the aptitude-eligible groups. Because military jobs
differ considerably in terms of their duties and required intellectual apti-
tude, all performance measures were examined separately for the nine DoD
occupational codes.

Although there is considerable variation within each occupational code
in terms of the aptitude composite scores stipulated tor entry into various
jobs within that code, the occupational codes do vary considerably in terms
of average score required and thus can be classified according to aptitude
demands as perceived by military managers. The codes with high requirements
are electronic equipment repair (1), communications and intelligence (2),
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medical and dental technicians (3), and other technical and allied (4).
Medium requirements are set for functional support and administrative (5)
electrical/mechanical equipment (6), and craftsmen (7) specialties. Low
requirements are set for infantry, gun crew, and seamen (0) and for service
and supply handlers (8). These job demand categories were used in our analy-
ses of military performance.

Probably the most basic--and the most often quoted--military performance
index is attrition. To loGk at our comparison groups, which contain men who
entered in different years and enlisted for different terms of service, we
counted as attrition cases all those who had separated from enlisted service
for reasons other than entry into an officer program or completion of their
term of service. These data are shown for the aptitude comparison groups, by
education and occupation type, in Table 1. The data clearly show that if
completion of one's term of enlistment is the criterion for success, the
inadvertent enlistees did as well as those in the higher-aptitude comparison
groups. In fact, the lower-aptitude groups generally had somewhat lower
attrition rates, at least in the Army and Navy. Their rates were signifi-
cantly lower (p<.01) in the Army among nongraduates in low- or medium-
requirement jobs. Similarly, in the Navy, the aptitude-ineligible group had
less attrition in both low- and medium-requirement ratings, regardless of
education level. (It should be noted, however, that in the Navy many
individjals do not have an assigned occupation, and lower-aptitude individ-
uals were more likely to be in this no-occupation group.) The usual 2:1
difference between nongraduates and graduates in terms of attrition rates is
apparent in this table, and the education differences completely overwhelm
those attributable to aptitude category. These findings are compatible with
those of Shields and Grafton (1983), who found no difference between these
aptitude groups in terms of first-term completion for Army enlistees in 18
specialties.

Shields and Grafton examined other first-term performance measures as
well. The only measure to show any differences between these aptitude
groups--and the differences were modest--was Skill Qualification Test (SQT)
score. The Army's SQTs are job-specific tests containing hands-on, ratings,
and dritten test measures of task performance. Most of the tests' variance
derives from the written portion of the exam, and hence a correlation with
AFQT score is to be expected. Nevertheless, differences were not impressive-
averaged over 17 jobs, the mean standardized SQT score was 96 for Category
IVA-B (eligible) and 91 for Category IVC (ineligible) accessions among high
school graduates; among nongraduates, it was 99 for Category IIIB (eligible)
and 95 for Category IVC (ineligible). (The test is standardized with 7=100
and SD=20.) In an earlier report, Greenberq (1980) reported a similar
pattern of SQT scores among FY 1977 Army accessions across nine jobs.

With the passage of time, we can now look at indications of career per-
formance for many of the individuals who entered during the ASVAB misnorming.
Since most of these measures, such as retention and promotion, are dependent
upon date of entry, we decided to look at a single cohort--FY 1977 entrants.
(This cohort includes an extra quarter because of the change in government
fiscal year, and hence is the largest single-year cohort from that period.)
Using records that were updated as of December 1984, we could examine mili-
tary records for over seven years of military service. To permit an unbiased
examination of promotion rates, those who entered with an advanced pay grade
(anything other than E-1) were deleted from the data set.
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Table 2 shows the percentage of men from each aptitude comparison group
who were still in service as of December 1984. From that table it's apparent
that the inadvertently enlisted men are just as likely to now be in the
career force as are those in the appropriate higher-aptitude comparison
group. Although retention rates are generally higher in the more demanding
occupations (which are regarded as more desirable), no consistent aptitude-
by-requirements interaction emerges.

A more sensitive irdex of career performance is paygrade achieved.
Early paygrades are awarded pretty much in lock-step fashion (although there
are considerable differences across services as to when the steps are taken),
but promotions above E-4 are increasingly competitive. For those FY 1977
entrants in our aptitude comparison groups who were still in service in
December 1984, Table 3 shows the proportion that had attained E-5 or better,
and Table 4 shows the proportion that had attained E-6 or better. (Because
of service differences in promotion policies, a floor effect in the Air Force
E-6 data makes E-5 attainment more useful for examining performance within
that service.)

These paygrade data are the first we have examined that show consistent
mean differences favoring the higher-aptitude groups. Even here, the differ-
ences are not large. Analyses of the proportion of accessions still in ser-
vice that attained a paygrade of E-5 or higher found no significant differ-
ence at p<.O1 and only a single difference (for Marine Corps high school
graduates in low requirement occupations) significant at p<.05. E-6 differ-
ences attain significance only (1) in the Army among high school graduates in
occupations with low demands (p<.O1) and (2) in the Navy for graduates in
medium-demand occupations (p<.05) and nongraduates in high-demand occupations
(p.01). Moreover, it should be recognized that advancement is not based on
on-the-job performance alone; individual scores on written tests for advance-
ment are weighed and, in some cases, minimum scores on aptitude tests such as
the AFQT are required as well. In this light, observed differences in
advancement appear real, but surprisingly small.

Overall, we can make only a few generalizations at this point about the
type of jobs in which low-aptitude individuals perform best. They are less
likely than higher-aptitude men to become attrition cases within low- and
medium-demand occupations, but there is no consistent pattern with regard to
occupation type for the retention and promotion measures. What we can say
about "when" low-aptitude recruits perform well is that they look quite
acceptable when one looks at attrition or retention figures within an educa-
tion/occupation group. They look less impressive when ti, analyst examines
attainment of higher NCO ranks, but even here advancement appears to depend
more on occupation type within a service than on aptitude category.
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Enlistment and Utilization of High-Aptitude Recruits

Janice H. Laurence and Elizabeth F. Schneider
Human Resources Research Organization

High-aptitude personnel are an important element in the overall manning of
our military forces. In fiscal year (FY) 1984 alone, over 123,UOO persons
scoring in AFOT Categories I and 11 (the upper 35 percent of the distribution)
were accessed into the active enlisted forces.

Concerns over the cessation of banner recruiting tines, the quality demands
imposed by increasing military specialization and complex weaponry, and
increased competition fron, the private sector for quality youth lead to ques-
tions as to the efficient utilization of high-aptitude military personnel.

Most studies addressing issues of manpower quality have focussed on persons
scoring within the upper half of the ability distribi.tion as a single entity.
This researcn represents a departure from this tactic by examining the enlist-
ment, assignment, and performance of individuals within the various aptitude
levels traditionally labeled as "quality" personnel. More specifically, this
paper compares the historical proportions enlisted, assignment patterns, and
military performance of high-(AFQT Categories I and II) and average-aptitude
(AFQT categories IlIA and IIB) personnel.

Historical Enlistment Trends. Approximately five percent of the current
18 to 23 year old male youth population, is in AFQT Category 1, 35 percent is
in Category II, and 34 percent is in Category III (Department of Defense,
1982). As Table 1 shows, from the early 1950s tnrough the present, the Defense
Department has exceeded the national percentage within Categories I through III
combined. However, OoD's proportion of very high-aptitude personnel (parti-
cularly within Category I) has not remained consistently better than the
national average. Very high quality it seems, was easier to come by when the
draft was in effect. Prior to the All-Volunteer Force (AVF), DoD was exceeding
the national percentage of Category I male youth by as much as four percent.

Percmnt Dastrlbubon of Male Rcmits (AlN Servics Combined) by
AFOT Category. FY i952-93

.. .1 ,;-. ___----___
- , 

___- _
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744 63 337 4771

740 44 335 430
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I
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With the advent of the AVF and continuing today, there are proportionally fewer
very high-aptitude youth in the military than in the general population. The
percentage of male recruits scoring in AFQT Category 1 has dropped to as low as
2.6 in FY 1981. In F 1984 DoD's percentage was 3.8, still below that of the
male youth popuiation.

Assiqnment of High and Average Aptitude Recruits. The assignment patterns
of FY 1979 through 1983 male high- and average-aptitude recruits across jobs of
low, medium, and high skill requirements are presented below in Tables 2A-20.
Nine of the 10 DoD occupation codes were placed in the various skill requirement
or job difficulty categories according to their mean ASVAB composite
requirements (Sticht & Caylor, 1982) as follows:

Low Medium High
Infantry Administrative Electronics Repair
Service/Supply Electrical/lechanical Repair Comunications

Craftsmen Medical Corps
Other Technical

The "Non-Occupational" category was omitted from the present analyses.

Overall, across all Services, there was an inverse relationship between the
Droportion of male recruits and AFOT category for low skill level jobs. That
is, there were 17% Category Is, 27% Category Ils, 32% Category IlIAs, and 39%
Category IIIBs in low difficulty jobs. This pattern held among edcation
groups. This inverse relationship was also found among medium difficulty jobs,
though the differences between the four aptitude groups were not as pronounced.
For high skill requirement jobs, the relationship was direct. That is, the
higher the aptitude category, the greater the proportion of recruits assigned
within those occupational areas. The proportions of Category 111 to Category I
recruits within high cognitive skill requirement jobs were 18%, 27%, 33%, and
48%, respectively.

Interesting findings emerged when the data were examined across job skill
requirements within AFQT categories. First, as one might expect, with increas-
ing job skill demands, there was a higher proportion of Category I recruits,
with 17% in low, 35% in medium, and 48% in high difficulty jobs. This pattern
did not hold for any other aptitude group examined.

Most AFQT Category 11 males were assigned to mediurm skill jobs (40%),
followed by high (33%) and then low (27%). Yet another pattern was shown among
job difficulty levels for AFOT Categories IlIA and 111 recruits. Most of these
average-aptitude personnel served in nedium skill requirement occupational areas
followed by low and then high skill jobs.

Although the above comments are generalizations drawn across Services,
Tables 2A-2D show that the Services differed somewhat in their assignment
patterns for high- and average-aptitude personne&. Furthermore, there were
dramatic Service differences in the proportions of recruits of various aptitude
categories assigned among low, medium, and high skill occupations. Such Service
differences, perhaps, can be attributed in large part to the variation in
Service specific missions, job structure, and aptitude mixes. The Army and
Marine Corps, for example, have more combat or low skill requirenent jobs while
the Iavy and Air Force have a greater proportion of highly technical jobs.
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As Table 2A shows, for the Army, there was no linear relationship between
the proportion of Category I recruits and job difficulty. While most (45%)
Cateyory Is were in high coqnitive demand jobs, low rather than medium demand
jobs had the second highest proportion. For Category II through 1118 Army
recruits, the low skill demand requirements had the highest proportion of
recruits. High demand jobs had the second highest proportion of Category II
recruits, though for the average-aptitude recruits their secondary concentration
was in medium skill jobs.

The Narine Corps was somewhat similar to the Army in terms of assignment of
recruits within jobs within various skill requirements. Category I recruits
were concentrated in high jobs (38%), followed by medium (33!), and then low
(30%). For Category II through 1118 recruits reverse trends were found with the
greatest proportion in low, then medium, then high difficulty jobs.

The Navy showed the greatest proportion of recruits, in all examined cate-
gories, in medium skill requirement jobs (i.e., 56% of Category Is; 49% of
Category I1s; 54% of Category IIIAs and 60% cf Category IIBs). The smallest
proportion of all categories were found in low skill jobs (i.e., 3% of Category
Is; 6% of Category Ils; 11% of Category IIIAs; and 16% of Category IIIBs).

Finally, the Air Force showed an easily comprehendable assignment pattern
within aptitude categories. For both Category I and II recruits the pattern
was, most in high jobs (61% and 44%, respectively) and least in low skill jobs
(9% and 17%, respectively). The order of job difficulty types among Category
IIIAs was medium (53%), high (25%) and low (22%); for Category IIIBs it was
medium (61%), low (27%) and high (12%).

Attrition and Job Difficulty. Twelve-month attrition rates for FY
1979-1983 male recruits were calculated (by education) within each AFQT category
and technical skill requirement cell and are presented below in Tables 3A-3D.
Chi-squares (1x3s) were computed across job difficulty levels for each AFQT
category. Additional chi-squares (lx4s) were computed across AFQT categories
within each job difficulty level. All analyses were run separately by educa-
tion. Alpha was set at the .05 level.

Overall, a trend toward the highest attrition rates in low skill require-
ment occupation areas and the lowest attrition rates in high skill requirement
areas emerged for all aptitude categories and education levels. Si nijfican 2s
however were not found consistently across Services or education evels. For
the Army, significanty.2s were found for AFQT Categories I through III among
high school graduates, nongraduates, as well as for both education groups
ombined. For the Navy, a significant relationship between attrition rate and

job difficulty was found only for Category I norgraduates. There were no such
significant relationships for the Marine Corps. Significant relationships
energed again for the Air Force for nongraduates in all four aptitude
categories.

Generally, aptitude did not have an overwhelmig influence on attrition
within job difficulty levels. Significant differences were found, however, for
Army nongraduates within each skill requirement level and for the Army total
education group within the high and low job deoand areas. Though the Army
showed an inverse linear relationship between AFQT category and attrition, tile
actual rate differences between contiguous categories were small. (Of course
one must keep in mind that very small percentage differences could actually
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account for large numbers of "attritees"). The significant differences in
attrition among aptltude categories most likely resulted from the relatively
greater attrition differences betweeP extreme aptitude categories (i.e., between
AFQT Category I and 111B).

Not only was there a lack of statistical significance between attrition and
aptitude category within the various job skill demand levels but inspection for
Inon-significant" trends showed little as well. Similar to the Army, Air Force
data showed an AFQT category-attrition rate inverse linear relationship.
Statistical significance, however, was found only among nongraduates. Again,
though2s were computed across all four aptitude categories it appears that the
differences were mainly between the extremes--Categories I and IIIB.

Concluding Note. Since the study of high-aptitude military personnel is
yet in its beginning stages, extensive generalizations cannot (and should not)
be drawn from these analyses. Despite this caveat, the assignment differences
and attrition rates of high- and average-aptitude personnel among jobs of
variois skill requirements have been an informative first step in the investiga-
tion of the utilization of high-aptitude personnel. Service differences in
assignment patterns and attrition rates within job difficulty levels abound.
Regardless of such differences in the Services and their job requirements, high-
and average-aptitude personnel are assigned differentially within the various
skill demand occupational areas. Furtnermore, for high- and average-aptitude
recruits there are some tendencies toward higher attrition rates in low skill
jobs. A clearer picture of the relationship between job difficulty or complex-
ity may emerge by using a taxononomy independent of Service selection and
classification standards and the broad DoD occupational area categorizations.
These and further analyses may have important implications for a more efficient
distribution and matching of available talent within jobs, and overall more
effective use of linited resources.
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Mapping Predictors to Criterion Space: Overview

Norman G. Peterson
Personnel Decisions Research Institute

Introduction

Our applied problem is t6 expand the presently measured predictor
space for the ultimate purpose of accurately selecting persons for the
U.S. Army and appropriately classifying those persons into jobs or Milita-
ry Occupational Specialities (MOS). In this paper, I describe the strate-
gy we have adopted, the thinking behind the strategy, and some of the
progress that has been made following our strategy. A fuller description
can be found in Peterson, 1985.

As you all know, the U.S. Army presently has a lot of jobs and hires,
almost exclusively, inexperienced and untrained persons to fill those
jobs. One implication of these obvious facts is that a highly varied set
of individual differences' variables must be put into use to stand a
reasonable chance of improving the present level of accuracy of predicting
training performance, job performance, and attrition/retention in a sub-
stantial proportion, if not all, of those jobs. Much less obvious is the
particular content of that set of individual differences variables, and
the way the set should be developed and organized; or put another way, how
the predictors should be mapped onto the criterion space.

Theoretical Approach

We have approached this problem by adopting a construct-oriented
strategy of predictor development, but with a healthy leavening from the
content-oriented strategy. Essentially, we endeavored to build up a model
of predictor space by (a) identifying the major, relatively independent
domains or types of individual differences' constructs that existed; (b)
selecting measures of constructs within each domain that met a number of
psychometric and pragmatic criteria, and (c) further selecting those
constructs that appeared to be the "best bets" for incrementing (over
present predictors) the prediction of the set of criteria of concern
(i.e. training/job performance and attrition/retention in Army jobs).
Ideally, the model would, we hoped, lead to the selection of a finite set
of relatively independent predictor constructs that were also relatively
independent of present predictors and maximally related to the criteria of
interest. If these onditions were met, then the resulting set of mea-
sures would predic all or most of the criteria, yet possess enough hete-
rogeneity to yie powerful, efficient classification of persons into
different jobs The development of such a model also had the virtue that
it could be least partially "tested" at many points during the research
effort, an lnot just at the end, when all the predictor and criterion data
are in. or example, we could examine the covariance of newly developed
measures with one another and with the present predictors, notably the
ASVAB/ If the new measures were not relatively independent of ASVAB and
measures from other domains as predicted by the model, then we could take
steps to correct that. Also, by constructing such a visible model, we
thought that modifications and improvements could be much more straightfo-
rwardly implemented.
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Figure I presents an illustrative, construct-oriented model and is
presented in order to represent the model in abstract. Note that both the
criterion and predictor space are depicted. A great deal of the work of
Project A is devoted to describing and defining the job performance crite-
rion and we, on the predictor side, have made much use of the information
coming from those efforts.

If this illustrative model were to be developed and tested with data,
then the network of relationships on the predictor side, the criterion
side, and between the two could be confirmed, disconfirmed, and/or modi-
fied. It goes without saying, but I will say it anyway, that the develop-
vent of such models must be done very carefully and conservatively, and
subjected frequently to reality testing. We have kept this firmly in
mind, Note, however, that the possession of such a model enables one to
state fairly clearly why such a predictor is being researched, dnd to
check quickly, at least rationally, whethef o' not the addition of a
predictor is likely to improve prediction.

Finally, 'he model is depicted as a matrix with a hierarchical arran-
gement of both the rows and columns. We have found it very useful to
employ this hierarchical notion, since it allows us to think in terms of
appropriate levels of specificity for a particular problem as we do the
research, or for future applications of measures.

We began our research with a general kind of model, very much like
the one presented in Peterson and Bownas (1982). That is, we conceived of
the predictor space as divided into several domains with major, relatively
independent constructs falling into each domain. At this early point in
the research, we were most concerned with thinking about the predictor
space in a way guided by past research that would also provide "handles,"
if you will, for us to approach our particular applied problem. We formed

Criteria

Training Job Task Attrition

Performance Perforeance Retertion

Predictors Pass/ Test Atten" COanon Specific Finish Reen- Early
Fail Grades dance Tasks Tasks Tem list Discharge

Verbal M. H t H K L L L
Cognitive Nntoericatl A N

Spatial

Precision
Psychoiotor Coordinat io

Dexterity

Dependabitty ic
Te persint Doninioce

Sociabitity

ReaListic
Interests Artistic

Sciat K I M L L

FIGLIRE 1. Illustrative Constrtct-Oriented Model
*Denotes expected strength of relationshtp, High, Medium, I.
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three domain teams to be responsible for broad pieces of this predictor
space model, to wit: a "non-cognitive" team for temperament, biographical
data, and vocational interest variables; a "cognitive" team for cognitive
and perceptual variables; and a "psychomotor" team for psychomotor variab-
les. Literature Review. The domain teams began with a large-scale litera-

ture review. Within each area, the teams carried out essentially the same
steps. These were: 1) compile an exhaustive list of possibly relevant
reports, articles, books or other sources; 2) review each source and
determine its relevancy for the project by examining the title and ab-
stract (or other brief review); 3) obtain the sources identified as rele-
vant in the second step; and 4) for relevant materials, carry out a
thorough review and transfer relevant information onto special review
forms developed for the project.

Within the first step, several activities were carried out to insure
as comprehensive a list as possible. Several computerized searches of
relevant data bases were done. In addition to the computerized searches,
we obtained reference lists from recognized experts in each of the areas,
emphasizing the most recent research in the field. We also obtained
several annotated bibliographies from military research laboratories.
Finally, we scanned the last several years' editions of research journals
that are frequently used in each ability area as well as more general
sources such as textbooks, handbooks, and appropriate chapters in the
Annual Review of Psychology.

The vast majority of the sources identified ds described above were
not relevant to our purpose. These non-relevant sources were weeded out
in Step 2. After obtaining the relevant sources, these were reviewed and
two forms were completed for each source: an Article Review form and a
Predictor Review form (several of the latter form could be completed for
each source.) These forms were designed to capture, in a standard format,
the essential informi~tion from thE reviewed sources, which varied conside-
rably in their organization and reporting styles. Tne output of the
literature search, in the form of the completed review forms and copies of
the actual sources, served es input to several later steps.

Expert Judgments. One of these steps was the identification of a set
of nrdictor constructs that met a number of psychometric and practical
criteria. There were twelve such criteria used to evaluate constructs,
like reliability, criterion-related validity, robustness and ease of admi-
nistration proceduresf etc. At least two researchers evaluated each
construct on these twelve factors, using five point scales, and these
evaluations guided the selection of 53 predictor constructs.

Definitions of these selected constructs were written and descriptive
materials (psychometric data, validity evidence, and illustrative items)
were prepared. These materials were used in an expert judgment process
wherein 35 experienced personnel and research psychologists estimated the
"true validity" of each of the 53 predictor constructs for each of 72 Army
enlisted criteria. These 72 criterion descriptions were prepared by
Project A researchers who were focusing on describing the job per-ormance
of Army enlisted ranks. (See Wing, Peterson, and Hoffman, 1984, for a
complete description of this expert judgment process.)

These expert judgments proved to be highly reliable (the reliability
6f the pooled raters' estimates of validity of each construct for each
criterion was over .90), and factor analysis of their ratings provided our
first model of the predictor space. Figure 2 shows that model. This
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COiSIRUCIS CLUSIERS FACicS

I. Verbal Corprehension
5. Reading Cooprehenoico

16 Ideational Fluercy A. Verbal Abiltitvl
1 AnaLogic.' Reasoning Central Intelligence
21. Oribas Intellience/Aptitude
22. Word fluency

4. Word Probteino
8. Inductive teatsoning Concept Formti1 . Reasoning

10. Seductive Logic

2. 1-aerinal CcrJtation C. uter AblIlt) COGNlIVt

3. Use of Poreula/NurSer Problem ASILItIE.

12. Perceptual Speed and Accuracy Ii. Perceptual Speed and Accuracy

49. Investigative Interests U. Investigative Interests

14. Rote Memory J. Memory
17. Fol O Directions

19. figural Reasoning F. Closure
23. Verbal and Figorat Closure

6. To-dinensonal Mental Rotation
7. hree-ieensioo Mental Rotation
9. Spatial Visualication E. Visualizaticn/Spatial VISUALISATIOH/
it. Fild Oependence (Negative) SPATIAL
15. Place Memory (Visual Memory)
25. Spatial Scantiisg
20. .. s.. n...... ........... ...................... ... .............. •............... o..........

24. Processing Efficiency
25. Selective Attention G. Mental Information Processing INFOVATIOI
26. Tit Shariog PROCESSING

13. Mechanical Co.prehe M1, Iechanical Corprehension
MECHANICAL

48. Realistic Interests I. Realistic vs. Artistic
IT, Artistic Interests Iegativel Interests

28. Control Precision
29. Rate Control I. Steadiness/Precision
32. Arm hand Steadiness
34. Aiming

27. ultilieb Coordination R. Coordination PSYCHOMOTOR
35. Speed of Arm Moveient

30, Manual Detority
31. Finger Weterity K. Dexterity
33. W rst-Foger Spend

39. Sociablity 0. Sociability
52. Social Interests SOCIAL SKILLS

5. Enterprising Interests R. Enterprising Interest

36. Involvement in Athletics and Physical *T. Athletic Abilities/Energy
Conditioning

37. Energy Level VIGOR

4 1. onnce S. oinance/Self-esteen
42. Self~esteen

. -....... .........
0. Trditional Vales
43. Conscientiousness Ii. Traditional Values/Convention
46. son delingoency alily/Non detltqueocy
53. Conventiornal Interests

44. Locus of Control 0. Work Orientation/Locus MOTIVATION/
47. Work Orientation of Control STABILITY

3R. Cooperativeness P Cooeration/Emotional Stability
41. Emotional Stability
............................................... .......................

FIGURE 2. Hierarchical Hap of Predictor Space
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PILOT TRIAL BATTERY CLUSTERS FACTORS

ASVAB A. Verbal Ability/
General Intelligence

Reasoning I and 2 B. Reasoning

uirber Memory Cc) C. iurt er Ability COGNITIVE ABILITIES

Perceptual Speed and Accuracy Cc) H. Perceptual Speed
Target Identification Cc) anl Accuracy

AVOICE U. Investiqatwe Interests

Short Tara Memory (c) J. Memory

Reasoning I ard 2 F. Closure

Asse ir| ing Objects
object Rotation
Shapes E. Visualizatio/Spatiat VISUALTZATION/
Males SPAT IAL
Path
Orientation T, 2, and 3

... ........ .. ..-.. .:::.:::::. --

Simple Reaction Time (c) G. Mental Infor"ation INFOT 4ATION
Choice Reaction Tine Cc) Processing PROCESSING

ASVAB L. Mechanical Cocprehension
MECHANICAL

AVOICE H. Realistic vs. Artistic Interests

Target Tracking 1 Cc) 1. Steadiness/Precision
Target Shoot Cs)

Target Tracking 2 Cc) D. Coordination PSYCHCMOTOR
Target Shoot Cc)

-. K. Dexterity

ABLE/AVOICE Q. Sociability

SOCIAL SKILLS
AVOICE R. Enterprising Interest

..-.-.--:-: ...- Z.......- -

ABLE T. Athletic Abilittes/Energy

VIGOR
ABLE S. Dominance/Setf-esteem

.~. .-.. ...-,...:.:-Z-:.:......... ...- - - - -...--------

ABLE N. Traditional Values/Conven-
tional ty/Ron-det inquency

MOT IVATION/

ABLE 0. Work Orientation/Locus STABILITY

of Control

ABLE P. Cooperation/Emotional Stability

Carrion Shoot Cc) Movem nt Judgment

Cc) v CompJterized Measures

FIGURE 3. Pilot Trial Battery Measures of
the Modeled Predictor Space
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model represents the predictor structure in terms of their covariances
with each other based on their judged validity relationships to dimensions
of Army enlisted criteria.

Test Construction. Figure 2 served as a blueprint of sorts for our
test construction efforts. The three domain teams set about writing tests
and inventories to measure the constructs shown there. We went through a
fairly extensive process of writing (or, in the case of computerized
tests, programming) instruments, trying them out at Army sites (MEPS
and/or Army forts), then revising the instruments based on the tryout
results. After about four such iterations (at Minneapolis MEPS, Fts.
Carson, Campbell, and Lewis), we possessed a set of instruments collecti-
vely labeled the Pilot Trial Battery. That set of measures is shown in
Figure 3.

Note that the measures are slotted into the cluster and factor space,
insuring that we adequately operationalized the model. Note also that one
measure, "cannon shoot", is included and it measures Movement Judgment, a
variable that was not originally ircluded. It was added because it seemed
to be a variable that was important for a variety of combat arms MOS, but
had escaped our notice because of a dearth of research on such a variable.

This Pilot Trial Battery consumed approximately six and one-half
hours of testing time and the entire battery was administered to a sample
of about 250 soldiers at Ft. Knox. 'Test-retest data were also collected.
Analyses of these data were used to further revise the measures and to
reduce the battery in size so that it could be administered in four hours.
The reduction in the size of the battery was accomplished by deleting some
tests entirely and by deleting items from other tests. (The tests deleted
were Reasoning 2, Shapes, Path, and Orientation 1.) The existence of the
predictor model proved especially helpful to those of us faced with the
hard decision of deleting tests and items. The impact of various deci-
sions in terms of coverage of the "predictor space" could readily be seen
and, along with the tryout data, empirically evaluated.

This revised and reduced battery was labeled the Trial Battery and is
presently being administered to a large sample (N=11,000) of soldiers in
the U.S. and Europe in a concurrent validity study. In terms of testing
timer 34% of the battery is devoted to the computerized perceptual/psycho-
motor measures, 50% to cognitive paper-and-pencil measures and 16% to
non-cognitive, paper-and-pencil inventories. Once the concurrent validity
data are in hand, we will be able to make some fairly definitive tests of
our model--in terms of its factorial structure, validity, and classifica-
tion efficiency.
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Using Microcomputers for Assessment Practical
Problems and Solutions

Rodney L. Rosse and Norman Peterson
Personnel Decisions Research Institute

Introduction

"History repeats itself" is an adage that probably does not apply to the
advances of microprocessor developments. Given the frantic rate of develop-
ment, it is difficult to imagine that circumstances could ever again occur in
just the way that they did at the outset of this effort in the Fall of 1983.
It would seem, however, that any 1986 project might be enhanced by considera-
tion of both the occasional wisdom and sometime folly of our beginning
efforts.

Initially, even the goals to be accomplished were far from obvious and may
,iave remained beyond our vision except for the valuable help obtained through
visits to several research centers doing advanced work in computerized test-
ing: (1) Air Force Human Resources laboratory at Brooks Air Force Base,
rexas, (2) Army Research Institute Field Unit at Fort Rucker, Alabama, (3)
Naval Aerospace Medical Research Laboratory, Pensacola, Florida, and (4) Army
Research Institute Field Unit at Fort Knox, Kentucky. Experimental testing
projects using computers at these sites had already produced imoressive
developments which stimulated the ideas of the project at hand and have
continued to influence our work.

In this paper, we focus primarily on the process we followed and some
problems we encountered in hardware and software acquisition and development
for the purpose of developing new predictor tests of abilities that could
best be administered via microprocessors.

Hardware Acquisition and Development

Much of the detail of the planned products was yet to evolve at the point
of acquisition of the first six machines so that we had to focus upon more
general objectives. It was clear that we wished to accomplish several things
which were either difficult or impossible to accomplish with paper-and-pencil
testing. Specifically, we required the ability to have a very high degree of
precision in stimulus presentation and a high degree of control of respondent
behavior. Dependent variables wcre specifically expected to include precision
in timing of stimulus presentation and response speed.

Microprocessor. The choice of which microprocessor to use for the preliminary
development was not obvious. The arrays of available microcomputer devices
were, at the time, in transition from earlier machines which used the first
popular microprocessor chips (i.e., 8080 or Z-80) into a newer variety of
options created oy the influence of IBM's entry into the market with their
"PC" employing the newer 8088, 8086-7 chips. With the newer machines came
more flexible operating systems (e.g., DOS 1 or DOS 2).

A computer designed for portable use was deemed to be a highly desirable
characteristic because the machines were to be frequently disassembled,
carried to new locations, and reassembled by non-technical personnel. Such
portable machines had been available only briefly so that little reported
experience with them was available.
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We acquired six machines made by Compaq (TM) which appeared to suit the
need. They were among the "newer" types of machines which used a variation nf
the MS-DOS operating system. They were equipped with standard game adapters
which permitted the analog inputs from "off-the-shelf" joysticks and boolean
input from game button switches.

The choice was specifically made to avoid using color in the visual dis-
plays for at least two reasons: (1) the certainty of individual differences
in color vision among military recruits, and (2) dread of the prospects of
attempting to calibrate video colors for standardization of presentation.
Accordinqly, we precluded the possibility of directly investigating the value
of stimulus effects in color presentation.

The graphics capability of the Compaq microcomputer proved to be minimally
acceptable for the applications which were to come. In graphics mode, the
pixels (or dots) on the screen are organized into 200 rows and 640 columns.
More recently, several computers of the "personal" computer type are offering
400 rows with 640 columns which should provide improved resolution.

Very accurate timing of events occurring in the testing process was essen-
tial. Initially, timing was accomplished by two means: (1) accessing the
calend- clock that is available in any machine which uses MS-DOS (or the
variations of MS-DOS that are sold under computer tradenames), and (2) use of
calibrated software loops. Without delving too far into technical details,
those two options eventually presented some difficulties because of time
consumption in the process of obtaining the time. For instance, the computer
CPU often had to be tied up with timing events when other work required being
done in the timed interval.

A wonderful solution to the timing problem eventually presented itself in
what the computer people call a "real-time-clock" which can be added to the
"IBM-type" microcomputers for as little as $50. Operating on a small battery
it maintains the correct date and time even when the computer is turned off.
With appropriate software, the "real-time-clock" device allows the timing of
events accurately to the nearest 1/1000-th of a second with negligible loss
of computer time in the reading. (The sub-program used in our projects will
read the time in approximately 1/3000-th of a second.)

Peripheral Devices for Response AcQuisition: Response Pedestal. The initial
choices in the hardware configuration for a "testing sttTioF'-poved satis-
factory for the "stimulus side", i.e., the controlled presentation to the
subject. The standard keyboard and the "off-the-shelf" joysticks were hope-
lessly inadequate for the "response side." Computer keyboards leave much to
be desired as response acquisition devices--particularly when response laten-
cy is a variable of interest. Prelimincry trials using, say, the "D" and "L"
keys of the keyboard for "true" and "false" responses to items was trouble-
some with naive subjects. Intricete training was required to avoid individual
d4ifferences arising from differential experience with keyboards. Moreover,
the software had to be contrived so as to flash a warning when a respondent
accidentally pressed any other key. The "off-the-shelf" joysticks were sadly
lacking in precision of construction such that the score of a respondent
depended hedvily upon which joystick she/he was using.

We came up with a plan for a "response pedestal" which consisted of
readily available electronic parts. A prototype of the device was obtained
from a local engineer. (See Figure 1.) It had two joysticks, a horizontal
and a vertical sliding adjuster, and a dial. The two joysticks allowed either
left or right hand usage. The sliding adjusters permitted two-handed coordin-
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ation tasks. The dial permitted respondent selections in a manner similar to
the now popular "mouse devices that are sold for "personal computers."

The response pedestal had nine button-switches, each of which was to be
used for a particular purpose. Three buttons (BLUE, YELLOW, and WHILE) were
located near the center of the pedestal and were used for registering up to
3-choce alternatives. Also near the center were two buttons (RED) which were
mostly used to allow tne respondent to step through frames of instructions
and, for some tests, to "fire" a "weapon" represented in graphics on the
screen.

Of notable interest was the placement of the button-switches which were
called "HOME" with respect to the positions of other buttons used to register
a differential response. The "HOME" buttons required the respondent's hands
to be in the position of depressing all four of the "HOME" buttons prior to
presentation of an item to which (s)he would respond. This, it is believed,
offered advantages of control of attention and control of hand position for
measurement of response latency. Using appropriately developed software, we
were able to measure total response time but also to break it down into two
parts: (1) "decision time" which is defined as the interval between onset of
stimulus and release of the "HOME" keys, and (2) "movement" time which is the
subsequent interval to the registering of a response. It was possible, where
of interest, to even tell quite reliably whether the respondent used a left
hand or a right hand to respond since (s)he almost invariably would release
the "HOME" buttons on the side of the p-eferred hand first.

The rotary switch marked "SELECTOR" in Figure 1 was an inconvenience that
was required by our initial choice of "game-adapter" for reading analog
input. The game adapter initially chosen allowed only four inputs and the
response pedestal had seven analog outputs: 2 inputs for each of two joy-
sticks, two sliding adjusters, and one rotary adjuster called the "DIAL."
The "SELECTOR" was used to select which analog devices were to be operative
for a particular test item. The final design for the response pedestal in-
cluded a game-adapter with the capability of eight analog inputs and the
"SELECTOR" switch was happily omitted.

Joysticks. Perhaps the greatest difficulty regarding the response pedestal
design arose from the initial choice of joystick mechanisms. We soon dis-
covered that joystick design is a complicated and, in this case, a somewhat
controversial issue. Variations in tension or movement can defeat the goal of
standardized testing. While "high-fidelity" joystick devices are available,
they can cost thousands of dollars apiece which was prohibitively expensive
in the quantities that were to be required for this project. The first
joystick mechanism that was used in the response pedestals was an improvement
over the initial "off-the-shelf" toys that predated the pedestals. it had no
springs whatsoever so that spring tension woula not be an issue. It had a
small, light weight handle so that enthusiastic respondents could not gain
sufficient leverage to break the mechanism. It was inexpensive.

Unfortunately, this joystick had a "wimpy" feeling which was greatly
lacking in "face-validity" (or, as Hilda Wing dubbed it, "fist-validity")
from the Army's ooint of view. It was felt that the joystick was so much like
a toy that it would not command respect of the respondents. It was the
contention of a minority of us that our "wimpy" device had "construct fideli-
ty" in that it would do a perfectly adequate job of testing the constructs
that were targeted.

The joystick mechanism had to be changed. Joysticks of every conceivable
variety and type of use were considered. We learned about viscous dampening,
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friction, tension, and even something calleo "stiction." Ultimately, a
joystick device was fashioned with a light spring for centering and a sturdy
handle with a bicycle handle-grip. It had sufficient "fist-validity" to be
accepted by all (or almost all) and it was sufficiently precise in design
that we were unable to detect an appreciable "machine" effects in fairly
extensive testing.

Software Development

We wish to turn attention now to the issues of software development. There
were no "package programs" available to administer computerized tests. fhe
selection of strategy for organizing and programming the needed software was
to fall upon ourselves. We had three general, operational objectives in mind
for the software to be produced: (1) as far as possible, it should be trans-
portable to other microprocessors; (2) it should require as little interven-
tion as possible from a test administrator in the process of presenting the
tests to subjects and storing the data; and, (3) it should enhance the
"standardization" of testing by adjusting for nardware differences across
computers and response pedestdls.

Primary Language. We chose to prepare the bulk of the software using the
Pascal language as implemented by Microsoft, Inc. There were certain advan-
tages to this in that Pascal is a common language and it is implemented using
a compiler that permits modularized development and software libraries. As
coputer languages go, Pascal is relatively easy for others to read and it
can be implemented on a variety of computers.

Some processes, mostly those which are specific to the hardware configura-
tion had to be written in IBM-PC assembly language. Examples of these include
the interpretation of the response pedestal inputs, reading of the real-time-
clock registers, calibrated timing loops, and specialized graphics and screen
manipulation routines. For each of these identified functions, a Pascal-
callable "primitive" routine with a unitary purpose was written in assembly
language. The functions were designed to be simple and unitary in purpose so
as to be easily reproducible for other machines.

Strategy. The overall strategy of the software development is worth dis-
cussing. It quickly became clear that the direct programming of every item in
every test by one person was not going to be very successful either in terms
of time constraints nor in terms of quality of product. For the sake of
making it possible for each researcher to contribute his/her judgment and
effort to the project, it was necessary to plan so as to take the "program-
mer" out of the step between conception and product as much as possible.

The testing software modules were designed as "command processors" which
itterpreted relatively simple, problem oriented commands. These were organ-
ized in ordinary text written by the various researchers using word proces-
sors. Many of the commands were common across all tests. For instance, there
were commands that permitted writing of specified text to "windows" on the
screen and controlling the screen attributes (brijhtness, background shade,
etc). A command could hold a display on the screen for a period of time
(measured to 1/100-th second accuracy). There were commands which caused the
program to wait for the respondent to push a particular button on the pedes-
tal. Some of the commands were specific to particular item types. These
commands were selected and peogrammed according to the needs of a particular
test type. For each item type, we would decide upon the relevant stimulus
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properties to vary and build a command that would allow the item oriter to
quickly construct a set of commands for items which she/he could then inspect
on the screen.

Thus, entire tests were constructed and experimentally maeipulated by
psychologists who could not program a computer.

The strategies for developing commands have evolved and improved over the
period of development. Eventually, the commands became almost "language-like"
with syntax forms analogous to some of the common statistical packages like
SPSS or SAS that are availanle on "main-frame" computers.

Hardware Testing and Calibration. One of the most useful software develop-
ments relates to the testing and calibration of the hardware, necessary for
purposes of standardization. A complete hardware testing and calibration
process can be undertaken oy test monitors each time a machine is powered up.
It checks the timing devices and screen distortion, and calibrates the analog
devices (joysticks, sliding adjusters, dial) so that measurement of movement
will be the same across machines. It also permits the software adjustment of
the height to width ratio of the screen display so that circles no not become
ovals or, more importantly, the relative speed of moving displays remains
undor control regardless of verticcl or horizontal travel.

Concluding Remarks

In the end, we were able to put tugether a portable, complete testing
session lasting approximately 1-1/2 hours where very naive respondents can
complete the test with little or no intervention from a test monitor. The
data is automatically stored and "backed-up" on diskettes in a form readily
transferrable to a "main-frame" for analysis. Except for occasional calibra-
tion or contingencies, the test monitor needs only to turn the computers on
and put the respondents in front of them.

Finally, and perhdps most gratifying, we have found that the soldiers
tested via this method have generally preferred computerized testing to
paper-and-pencil testing. We have not gathered hard data on this aspect, but
base our conclusions on observation of the soldiers while taking the battery
and their comments to us after completing the battery. Perhaps this is due to
novelty alone, but we feel it may also be due to the nature of the tests
themselves plus the fact that the soldier, ii, large part, is in control of
the testing process her/himself. They control the pacing of instructions for
the tests and, for some tests, the pacing of item presentation. No admin-
istrator tells them when to begin and when to stop, and they are not in "lock
step" with a larger group. We view this state of affairs as highly desirable
for personnel selection testing.
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Computerized Assessment of Perceptual ind Psychomotor Abilities

Jeffrey J. McHenry and Jody L. Toquar.

Personnel Decisions Research Institute

One of the main goals of the Army Research Institute's (ARI's) Project A
is to develep new predictor measures to supplement the Armed Services Voca-
tioial Aptitude Battery (ASVAB). In this paper, we describe 10 new computer-
ized perceptual and psychomotor predictor tests that were pilot tested last
fall and are currently being validated in a large-scale concurrent validation
study.

The Copputer Sattery
Toquam, Dunnette, Corpo. and Houston, (1985) have described the proce-

dures used to identify target constructs for cognitiv -perceptual predictor
test development, and to determine which of these constructs would be measLred
via paper-and-pencil tests and which would be measured via computer. Fol-
lowing a similar procedure, members of the Project A research team working in
the psychomotor ability dcmain identified two psychomotor ability constructs
for p. edictor test development. Since measurement of both of these constructs
required that subjects be presented with a moving stimulus object, it was
decided that all psychomotor tests would be presented on the computer.

In total, computer tests were developed for seven constructs (i.e., five
cognitive-perceptual ability constructs and two psychomotor ability con-
structs). To measure these seven constructs, 10 new computer tests were
developed. The constructs and tests are listed in Table 1. As Table I shows,
two tests each were developed to assess reaction time, perceptual speed and
accuracy, and precision/steadiness, while one test each was developed to
assess the remaining four constructs. (Complete descriptions of each test are
available from the authors upon request.)

TABLE I

Target Coinstructs and Computer Tcst-

______C__Z___c -tiiia T..tfml

Reaction T-e The ability to detect a . ple stimulus quictly Simple -,action
Time
Choice Reaction
Time

Perceptual Speed 1he ab-'lity to compore two stimuli and to determine quickly Perceptual Speed
and Accuracy ard accurately whether they are the same or different and Accuracy

Target
Identification

Memory The ability to encoe and store information, and then Short Term
retrieve that lnforaation quickly and accuretely memory

Nuber Facility The ability to perfor iamp!e numerical operations (e.g., Nubaer Meory
addition, subtraction, multiplication, tivislon) quickly and
accurately

Movement Tha aoility to judge the movement speed and direction of an Cannon Shoot
Judgment objett and to determine when ;or whether) that object will

reach a 91.en Dont in space

Multilieb The ability to coordinate the ue of two or or* limb. Target
Coordination (e g., two ha-da, to feet, a hand and a foot, etc.) to TrackLnh 2

perform a task

Steadiness/ Ihe ability to make fine coordinated movements in response Target
Precision to a moving stimulus object Tiocting I

lariet Shoot

879

. -.



Pilot Testinq
During test development, several pilot tests of portions of the computer

battery were conducted at Ft. Carson, Ft. Lewis, and the Minneapolis Military
Enlistment Processing Station. A more extensive pilot test of the entire
battery was then conducted last fall at It. Knox.

The purpose of the pilot testing was to ensure that the tests satisfied
three criteria for administration in the Project A concurrent validation
study. First, we wanted to ensure that the 10 tests were reliable. Second,
we wanted to make certain that the tests did not overlap greatly with the
ASVAB. Finally, we wanted to ensure that the computer tests themselves are
not highly intercorrelated, since our goal is to measure seven distinct abili-
ty constructs with these 10 tests.

Method

Subjiects
Subjects included 256 first-term Army enlisted personnel stationed at Ft.

Knox. Subjects were drawn from a wide range of MOS. All subjects had been in
the service between one and two years at the time of testing.

Procedure
When subjects arrived in the computer testing room, they were asked to

take a seat at a testing station. They were told that the computer tests were
self-administering so they could work at their own pace. They were instructed
to read the instructions carefully, ask questions if they encountered any
problems, and try their hardest.

wo weeks later, 121 of the subjects returned for retesting. They were
Qiven the same instructions that they had received two weeks earlier and asked
to complete the entire computer battery a second time.

Results

Scoring
Responses on computer tests may be used to compute numerous scores. For

example, responses to Perceptual Speed and Accuracy items, may be summarized
using average decision time, average movement time and average total response
time across All items or across only those items in which the subject responds
correctly. The average response for each of these may consist of the mean,
the median or a trimmed mean computed by deleting the fastest and slowest
response times. Other dependent measures derived from this test include the
slope and intercept which are computed by regressing the subject's response
time against some specified item parameter such as item length. Finally,
percent correct can be used as a dependent measure for each subject.

In total, for the 10 tests, 168 different test scores were computed.
Preliminary analyses of the reliability of each score and the intercorrela-
tions among the various scores within each test were used to reduce this list
to 19 test scores (see Table 2). These 19 scores received more extensive
analyses.

Reliability
Table 2 contains the split-half and test-retest reliability for each test

score. The majority of split-half reliabilities exceeded .80, and only two
are less than .70. As expected, the test-retest reliabilities are lower than
the split-half reliabilities. Five test scores have test-retest reliabilities
less than .55.' In general, those test scores with low test-retest
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TABLE 2

Characteristics of the 19 Coaputer Test Scores

Overlap

Test Score rO Un qrueness

COGFIT IVE-PERC UTUAL TESTS
Simple Reaction Tine - Mean Rt .90 .37 .07 .F3
Choice Reaction Time - Mean Rt .69 .56 .09 .80
Perc Speed & Ace - Pct Correct .83 .59 .14 .69
Perc Speed & Acc - Mean RT .96 .65 .36 .)0
Pero Speed A Acc - Slope .88 .67 .09 .79
Perc Speed 6 Ace - Intercept .74 .55 .11 .63
Target Ideiht - Pct Corroct .84 .19 .05 .79
Targot Ident - Mean RT .96 .67 .16 .dO
Short rera Menory - Pct Correct .72 .34 .10 .62
Short Term Memory - Mean RT .94 .78 .06 .88
Short Term Memory - Slope .52 .47 .01 .51
Short Term Memory - Intercept .84 .74 .11 .73
Humber Memory - Pct Correct .63 .53 .40 .23
Number Memory - Mean Oper RT .95 98 .33 .62
Cannon Shoot - Time Score .88 .66 .02 .86

PSYCHOMOTOR TESTS
Target Tra~xinq I - Mean Log Dist .97 .r3 .23 .74
Target Tracking I - Mean Log Dist .97 .7" .17 .80
Target Shoot - Mean Time to Fire .91 .48 .06 .85
Target Shoot - Mean .og Dist .86 .58 .11 .7S

reliability are percent correct scores or scores with low split-halt
reliability.

Overlap with the ASVAB
The squared multiple correlation (SMC) between each test score and the 10

ASVAB subtests is also displayed in Table 2. These SMCs have been adjusted
for shrinkage. Only for one test, Number Memory, does the SMC exceed .25.
The median SMC across all 19 test scores is .10.

Table 2 also shows the uniqueness for each test score. This value repre-
sent: an index of the unique (i.e, uncorrelated with the ASVAB) reliable
variance of each test score. It is computed by subtracting the SMC with the
ASVAB from the split-half reliability. All but two of the uniquenesses in
Table 2 exceed .60. This information indicates that these 10 tests have much
unique, reliable variance that may contribute to the prediction of jc5 perfor-
mance.

Overlap among the Computer Tests
Table 3 contains the intercorrelatiuas among the 19 computer test scores.

Well over half the intercorrelations between scores on different tests are
less than .25, indicating that the various tests are measuring several dif-
ferent abilities.

To determine how we had fared in measuring our target constructs, a
principal axis factor analysis was executed. Variables included 17 of the
computer test scores (two variables, Perceptual Speed & Accuracy Mean RT and
Short Term Memory Mean RT were withheld from the analysis since they corre-
lated .82 and '.83 with Perceptual Speed & Accuracy Slope and Snort Term
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tABLE 3

intercorretatiort among the ASVAB and Pilot I..l Battery (FTB) Tests
Pt. Kno Sample (N-163)

PIS SPT-PT

Compu terized CRT RT 1 3Cognatve PS&A-PC 17 17 U

Peroeptu.t PSLA-RT 19 31 50Sst, PS-A- lp 0 3 00 2 820

PS&A- nt 3 2 3 1 27 08 -6a
ax. " W-PC 11 07 4 0 33 3 "13

.- -I--RT 2-3 42 20 47 32 13 16
SIe -PC 06 0 5( 17 26 23 25 03
SMRT 23 0 26 -t25 23 27 7

tIs-SIp -06 03 28 26 1 1 13 32 39
PtL~ln 32 31 -2IS 6

STa -ct 18 02 10 3 31 42 11 3 -19

Can Shoot 13 2 20 47 IT 09 25 02 16 I

S INe- PC -16 -09 2 02 1; -20 14 -12 23 0 02 03 -1_

No em-RT 2 24 11 34 21 0 10 27 07 I7 15 11 08 -5

PT Irk t-D st 14 25 -0120 00 -0 11 09 22 29 25 15 5 27 10 0

Coputerized Irk 2-0 ,s 1i 19 -01 11 04 09 02 39 -19 25 -01 27 30 14 02 B1
Psychomotor TSot-Tme 08 14 16 22 09 12 12 32 09 22 15 15 12 -10 15 23 19
tests bSht-iist 00 16 07 03 00 09 -11 32 -12 27 -16 38 25 08 02 60 55 15

Memory Intercept, respectively), scores from the J0 paper-and-pencil tests
described by Toquam et 31. (1985), and scores from the 10 ASVAB sub-tests.
The sample included only those 168 subjects for whom complete data from all
three sets of tests were available. Factor solutions were rotated using the
VARIMAX method.

The 7-factor solution was judged the most interpretable. Significant
loadings (i.e, greater than .35) for each test score on each factor are shown
in Table 4. Based on the factor loadings, we named Factors I-VII general
ability, spatial ability, psychomotor ability, general accuracy, basic
processing speed, number facility, and a response style factor, respectively.
For four of the seven factors (psychomotor ability, general accuracy, basic
processing speed, and the response style factor), no paper-and-pencil tests
load significantly on these factors. All but one of the tests with signifi-
cant loadings on the spatial ability factor were paper-and-pencil tests.
Both the ASVAB and the computer battery included tests with significant
loadings on the other two factors, general ability and number operations;
however, the only computer test scores with significant loadings on these
factors was Number Memory. Thus, once again, Number Memory appears to be the
only computer test that overlaps significantly with the ASVAB.

Some of the factors that include computer tests are moderately similar to
the target constructs that we set out to measute with the computer battery.
Basic processing speed, for example, contains measures from three target
constru-ts" reaction time, perceptudl speed and accuracy, and memory.
The number facility factor includes Number Memory test scores,, as we had
hoped, and also includes the Coding Speed and Number Coerations sub-
tests from the ASVAB. Finally, the psychomotor ability factor includes
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measures of both our target psychomotor ability constructs, iultilimb
coordination and steadiness/precision.

As Table 4 5hows, the time score from Cannon Shoot failed to load signif-
icantly on any of the five factors. This indicates that the movement judgment
ability tapped by this test differs from the abilities assessed by the other
computer tests. This provides indirect evidence that the movement judgment
test is measuring a unique perceptual ability, as we had hoped it would.
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Discussion

All of the vests except Simple Reaction Time yielded at least one test
score with split-half reliability in excess of .80 and test-retest reliability
in excess of .55. Thus, we met our first goal, wnich was to ensure that all
the computer tests attained adequate levels of reliability.

Our second goal wa to ensure that the new computer tests were not
redundant with the ASVAB. SMCs between the 19 test scores ano the ASVAB
tended to De quite low. Uniquenesses indicated that the computer tests had
the potential to contribute a great deal of unique, reliable variance to the
prediction of job performance. Thus, we also met our second goal.

Analyses designed to evaluate the intercorrelations among the new tests
showed that toe various tests generally 4hared little common variance. Re-
sults from a factor analysis indicate that there were at least five (and
probably six) different ability factors underlying performance on the 10
tests; these factors are moderately similar to the target constructs we set
out to measure. It is important to note here that results from the factor
analysis must be considered tentative at best because the sample size includes
only 168 subjects. Data obtained from the ongoing concurrent validity study
with over 10,000 subjects will provide us with more stable information about
cur constructs and the relationships among those constructs.

Gener2 1,) we felt that the )esults of the pilot testing indicatcd that
only minor modifications were required in the tests prior to concurrent vali-
dation testing. Our observations of subjects during pilot testing suggested a
number of changes in the instructions for virtually all of the tests. The
split-half reliability data indicated that several of the tests could be
shortened without any significant impact on test reliab,lity. Finally, there
was some evidence (not discussed in this paper, but noted in McHenry & McGue,
1985) that the two Target Tracking Tests should be made more difficult and
that the Target Shoot Test should be made easier. Aside from these, few
modifications were made in the computer battery prior to concurrent validation
testing. (See Toquam, Dunnette, Corpe, McHenry, Keyes, McGue, Houston,
Russell & Hanson, 1985, for more detailed information regarding changes in the
computerized perceptual tests.)

Presently, concurrent validation testing is winding down. By the -iddle
of next month, we will have collected predictor and criterion data on almost
10,000 first-term Army enlisted personnel in 19 MOS. It is our hope that at
this time next year, we will be able to present some initidl validity data for
our 10 new computerized perceptual and psychomotor tests,
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ADDI6G TO THE ASVAB, COGNITIVE PAPER-AND-PENCIL MEASURES

Jody L. Toquam, Marvin D. Dunnette, VyVy A. Corp:, and
Janis Houston

Personnel Decisions Research Institute

Introduction

The purpose of this paper is to (1) identify the cognitive/
perceptual ability constructs that supplement or provide informatiun
about Army applicants' abilities not currently tapped by the Armed
Services Vocational Aptitude Battery, or ASVAB; (2) describe the
measures developed for paper-and-pencil administration and the cogni-
tive/perceptual constructs they are designed to tap: (3) describe test
development issues and the factors used to evaluate the psychometric
quality of the new paper-and-pencil measures; and (4) report the
relationships between scores on the ASVAB and scores on the new paper-
ind-pencil tests. Information about the cognitive/perceptual measures
designed for computer administeation are described in McHenry and
Toquam (1985).

Before describing the new tests, we first examine the content of
the current military selection and classification battery, the ASVAB,
and then provide a brief review of the process involved in identifying
the constructs for inclusion in ti-e Pilot Trial Battery. (The Pilot
Trial Battery is the term used for the battery of experimental tests
administered at Minneapolis MEPS, Fort Carson, Fort Campbell, Fort
Lewis, and Fort Knox. This battery includes twelve paper-and-pencil
measures - ten cognitive and two non-cognitive, and ten computerized
measures - seven cognitive/perceptual and three psychomotor.)

The current military selection and classification battery, the
ASVAB, contains ten subtests. Scores or four of these are used to
calculate the Armed Forces Qualification Test (AFQT) score which is
used to determine qualiflcation for entrance into the Army. Scores on
the ten subtests are used in different combinations to determine
applicants' qualifications for different military occupational spe-
cialties (OS). Results from A factor analysis of ASVAB scores indi-
cate that the battery assessed verbal ability, speeded performance,
quantitative ability, and technical knowledge (Kass, Mitcnell, Grafton
& Wing, 1982).

Peterson (1985) describes the activities involved in identifying
ability constructs that supplement information obtained from the
ASVAB. Those activities included a review of the literature which was
used to impose structure on the domain (i.e., establish a cogni-
tive/perceptual abilities taxonomy) and then to summarize validity
data for the different types of ability constructs. This information
was input to the expert judgment task. All of this information was
used to identify cogni.ive/perceptual ability constructs that tap
abilities relatively independent of those measured by the ASVAB and
that may be used to improve the Army's selection and classification
decisions process.

Cognitive/perceptual ability constructs selected for inclusion in
the Pilot Trial Battery and their designated priorities (in
parentheses) are: (1) Spatial Visualization - Rotation and Scanning;
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(2) Spatial Visualization - Field Independence; (3) Spatial
Orientation; (4) Inouction - rigural Reasoning; (S) Reaction Time -
Processing Efficiency; (6) Memory - Number Operations; (7) Memory -
Short Term Memory; (8) Perceptual Speed and Accuracy.

Determining the Method of Administration

In this section, we review the factors that influenced our deci-
sion to measute a particular construct via paper-and-pencil or via
computer. The first factor concerns the construct oefinition and the
dependent weasures sugqested by that definition. For example, defini-
tion of the construct, processing efficiency, indicztes that the
dependent measure involves the time required to respond to simple
stimuli. Such information can only be obtained on a computer because a
precise measure of reaction time is required. Hence, those construct:
that involve a reaction time component, such as Processing Efficiency,
Perceptual Speed and Accuracy, and Memory were slated for computer
administration. McHenry and Toquam (1985) provide ; detailed descrip-
tion of measures developed for computer administration.

The second factor involver the cost related to adapting items to
the computer. For example, test items for such constructs as spatial
visualization and figural reasoning involve detailed figures and ob-
jects. To adapt these items to the computer wculd require high reso-
lution graphics. The cost for hardware capable of supporting such
graphics at the time was prohibitive. Thus, we determined that
measures of spatial visualization, spatial orientation, and induction
would be assessed via paper-and-pencil. We focus on the development
activities and pilot-test results of the new paper-and-pencil measures
in the remainder of this paper.

Paper-and-Pencil Measures Construct and Test Descriptions

In this section, we provide definitions of the constructs, des-
cribe criterion job performance areas or tasks that we expect measures
of the constructs to predict and finally identify the tests designed
to measure each construct. Detailed descriptions of the individual
tests are available from the authors.

Sp ati isUalizato n--Rotation
This involves the ability to mentally restructure or manipulate

parts of a two- or three-dimensional figure. It serves as a poten-
tially effective predictor of success in MOS that involve mechanical
operations, construction and drawing or using maps. Two tests de-
veloped to measure this construct include Assembling Objects and
Object Rotation.
Spatial Visualization--Scannin

This includes the ability to visually survey a complex field and
to find a pathway tnrough it. According to our expert judges, mea-
sures of this construct are potentially effective as predictors of
success for Army MOS involving electrical or electronics operations,
using maps in the field, and controlling air traffic. The two mea-
sures designed to assess this construct in the Path Test and the Maze
Test.

Stial Visualization--Field Independence
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This includes the ability to find a simple form when it is hidden
in a complex pattern. A measure of this construct is expected to
predict success in MOS that involve detecting and identifying targets,
using maps in the field, planning placement of tactical positions, air
traffic control and troubleshooting operating systems. The Shapes
Test was developed to measure this construct.

Spat al Orientation
This involves the ability to maintain one's bearing with respect

to points on a compass and to maintain appreciation of one's location
relative to landmarks in the environment. From job observations
conducted in the field, we expect measures of this construct to pre-
dict success in combat MOS that involve maintaining directional orien-
tation using features of landmarks in the environment. Three tests
involving different orientation tasks were developed to assess this
construct, Orientation 1, Orientation 2, and Orientation 3.

Induction - Fioural Reasoning
This includes the ability to generate hypotheses about principles

governing relationships among several objects. According to the panel
of experts, measures of this construct are effective predictors of
success in MOS involving troubleshooting, inspecting, and repairing
electrical, mechanical, or electronic systetps, analyzing data, con-
trolling air traffic, and detecting and identifying targets. We
developed two tests involving different tasks to assess abilities in
this construct area. These were titled Reasoning I and Reasoning 2.

Test Development Issues

Two issues impacted on our approach for developing the new paper-
and-pencil measures. These include the target population completing
the new tests for selection and classification purposes and the power
versus speed components of each new test. We discuss each in turn
below. The population completing these tests is the same
population that completes the ASVAB to qualify for entrance into to
the Army. This is, very generally speaking, a population composed of
predominantly recent high school graduates, not entering college, from
all geog-aphic sections of the United States. For our purposes the
target population was, practically speaking, inaccessible during the
test development phase. We were constrained to using enlisted
soldiers to try out the ncwly developed tests. The development group,
enlisted soldiers, of course, represents a restricted sample because
they have passed enlistment standards and often have completed basic
and advanced individual training.

Differences between the target population and the sample avail-
able to us, lead to two major impltcations that served as general
guidelines for test development and pilot testing activities. First,
the target population includes a broad range of abilities, therefore
we attempted to develop test with a broad range of item difficulties.
And second, the the test development grollp, first-term enlistees,
would be of generally higher in ability than the target population.
Therefore, the overall difficulty level of th- test should be somewhat
higher (i.e.,the test should be somewhat easier) than what it would
have been if we had access to an unrestricted sample of the target
population.
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Another decision to be mdde about each test was its placement of
the power vs. speed continuum. Most psychometricians would agree that
a "pure" power test is a test administered such that all persons
taking the test are allowed enough time to attempt all items on the
test, and that a "pure" speeded test is a test administered such that
no one or very few taking the test has enough time to attempt all
items. In practice, there appears to be a power/speed continuum, most
tests fall somewhere between the two extremes on this continuum.

During the preliminary test development stage, we categorized
each test as a power test, speeded test, or combination of the two
using our construct definitions. For example, using our definition of
Induction, we designed the test items to represent a very wide range
of difficulty levels and established a generous time limit such that
most subjects would have time to complete all items. Thus, measures
of induction were designed to fall on the power end of the continiium.
Our plan for measures tapping Spatial Visualization -Rotation and
Scanning differed from this in that all items were constructed to be
moderately easy but more restrictive time limits were imposed. Thus,
these measures were intended to fall toward the speeded end of the
continuum.

For the remaining constructs, Spatial Visualizat-on-Field
Independence and Spatial Orientation, we designed the measures using
the construct definitions to determine the range of item difficulties
and to establish time limits. Following each pilot-test we examined
completion rates and item difficulty levels to assess how ciosely
performance on each new test matched the corresponding construct
definition with regards to speed and power components.

Evaluating the Paper-and-Pencil Tests

Four pilot test or tryout sessions were conducted at Fort Carson,
Fort Campbell, Fort Lewis, and Fort Knox. In the first pilot-test at
Fort Carson, about 38 soldiers completed each paper-and-pencil test.
The number at Fort Campbell was 57 and at Fort Lewis it was 118. At
Fort Knox the numbers were 290 for time one and 97 to 126 for time
two. Factors used to evaluate each test at one or more of thesp
pilot-test sessions include the following, construct validity, test
item characteristics, and test reliability. Below we present some
general findings for all paper-and-pencil tests.

One goal of the the pilot-test sessions was to verify the con-
struct validity of the new measures. Iherefore, we ioentified pub-lished tests that measure constructs similar to our construct defini-
tions. These published measures were included in the first three
pilot-tests. It is important to note that, in general, most published
tests or marker tests differed from the new tests in item difficulty
levels and in th.i specific task required. Therefore, we did not
expect a one-to-one correspondence between the new test and its pub-
lihed marker test.

Very few of the newly developed tests correlated above .65 with
the designated marker; most correlations between new measures and
marker tests fell between .45 and .60. These values were as expected
given the differences in task requirements and in item difficulty
levels between the new and marker tests. Basically this information
suggested to us that although the tests did not duplicate their re-
spective marker tests, they captured the essence of the target con-
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struct.
Another goal of the pilot-test sessions was to assess the psycho-

metric characteristics of each new test. Following the pilot-test
sessions, ther. we computed item difficulty levels and item-total
correlations for each test. These data were used to modify test items
and to adjust time limits.

Results from the first pilot test indicated that all tests re-
quired some modification. For example, completion rates, item dif-
ficulty levels and raw total test scores suggested that some of the
new measures may suffer from ceiling effects. Thus, for Assembling
Objects, Object Rotation, Path Test, and Orientation 1, wE constructed
new items and adjusted time limits accordingly to obtain the desired
difficulty level. For tne Shapes Test and Maze Test, we modified test
items to increase difficulty levels and to reduce the possibility of
ceiling effects.

The reverse situation appeared on one of the orientation tests,
Orientation I. That is, item difficulty levels weve low or the test
was more difficult than desired. We modified this test by adding four
"easy" items and by exparding the time limit.

For the remaining measures, Orientation 3, Reasoning 1, and Rea-
soning 2 very few changes were required. For example, item analysis
data revealed that for some of the items, item-total correlations were
higher for a distractor than for the correct response. These items
were either modified or replaced.

Subsequent pilot tests indicated that the tests, in general,
required only minor modifications.

Finally, we investigated the reliability or internal consistency
and the stability of each new measure. To compute internal
consistency estimates we used a split half procedure. This included
admnistering each test as two separately timed halves and computing
the correlation between part one and part two for each test. The
Spearman-Brown correction procedure was then used to estimate the
reliability for the test as a whole. We estimated the stability of
each test by collecting test-retest data on a sample of about 100
soldiers at Fort Knox. A period of two weeks separated the two test
sessions.

Internal consi stency and test-retest estimates for each test
appear in Table 1. Results from the Fort Lewis pilot-test indicate
that the split half internal consistency estimates range from the high
70's to the low 90's for all tests with the exception of Reasoning 2.
Test-retest estimates are lower than the internal consistency
estimates but are at acceptable levels ranging from .57 to .84. The
Reasoning 2 test once again yields the lowest value of all.

Note that in Table 1, we have also included internal consistency
estimates for the Fort Knox sample computed using the Hoyt formula.
and may represent overestimates for some of the more highly speeded
tests. With the exception of Reasoning 2, these values range from the
low 80's to high 90's.
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Overlap Between the New Measures and the AStAB

As we abcve, the nor focus of this research involves
Identifying and developing measures of constructs not currently
assessed in the ASVAB. One way to estimate the amount of overlap
between each new measure and the measures contained in the ASAB is to
conduct uniqueness analyses. This procedure involves computing the
squared multiple correlation between each new test and the ten ASgAB
subtests. The resulting value is then subtracted from the reliable
variance in that new measure (in this case we used the relability
estimate computed using the split hdlf procedure). This value
represents an index of the unique variance or vdriance that is
uncorrelated with scores obtained on the ASVAe. Results from this
analysis are reported in the final two columns in Table 1.

Across the ten new tests, the squared multiple correlations range
from .54 to .19. It is clear that some of these tests are measuring
abilities tapped by ASVA5 subtests. On the other hand, the uniqueness
estimates which range from .67 to .34, indicate that the new tests tap
abilities independent from those assessed by the ASYAB subtests.

In sum, results from the uniqueness analysis are essentially what
we would expect in assessing the amount of overlap between groups of
tests that medssire cognitive/'perceptual abilities. The data are
encouraging because they indicate that we are measuring ability
constructs not currently assessed by the ASVAB.
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Measuring Personal Attributes: Temperament,
Biodata, and Interests

Leaetta M. Hough, Matt K. McGue, John D. Kamp,
Janis S. Houston, and Bruce N. Barge

Personnel Decisions Research Institute

Overview. I'm going to describe the development and evaluation of
temperament. biographical, and interest measures -what we call non-
cognitive measures - included in the Project A predictor battery. Non-
cognitive measures were included in the predictor battery because of their
potential for predicting impo,tant on-the-job criteria, criteria such as
Effort, Initiative, Following Regulations and Orders. Adjustment,
Leadership, and Self-Control.

The information I will present today suggests. I) that non-cognitive
predictors are likely to predict such criteria; in fact, irore likely to
predict such criteria than are other types of predictors; 2) that non-
cognitive measures contribute unique variance to the predictor battery and
are, therefore, likely to contribute incremental validity; 3) that the non
cognitive measures we developed have good psychometric characteristics,
they a-e interna'ly consistent and show high test-retest reliability; and
4) that faking on personality inventories is not the problem it is often
assumed to be. Cur overall strategy was' to review the literature on
temperament, biodata, and interest to identify constructs that were likely
to be criterion valid; to obtain expert judgments about expected true
validity of those constructs; to develop measures of those constructs; to
remove or revise sensitive or objectionable items; and to evaluate and
revise measures based on their internal consistency, overlap with other
predictors, and their stability across time and different motivational
conditions.

Literature Review Results. Our review and summary of the literature
indicated that the validity of interest measures for important Army
criteria were in the high .20s. The validities of biographical inventories
for such criteria were in the .20s and .30s. These results were not too
d'fferent from previous literature reviews. Our conclusions for the
personality literature, however, differ from some of the other reviews, and
I'd like to describe these results more thoroughly.

lhe criterion-related validities reported in the literature for temperament
constructs are shown in Table 1. As you can see, the adjustment criterion,
which includes such things as untavorable discharge and drug abuse, is
predicted very well by temperament measures. The predictor constructs
Achievement and Locus of Control also predict Educational, Training, and
Job Proficiency criteria. Tnese results differ from those reported by
Guion and Gottier in their 1965 Personnel Psychology article. Our results
are, however, similar to those reported by Ghiselli in his 1973 Personnel
Psychology article. We believe the results are explained by the approach
we used.

Oor approach was to develop a predictor taxonomy and to classify
temperament scales into the taxor or construct wth which they were mnst
similar. We accomplished this classification by searching the literature
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Sunmary
a 
of Criterion-Retted Va(ldtties of Iceperarint Constructs

Type of Criterion
Tee 'peroe t d !8±d2n

Construt Educto a ~nPr fnotvo t Adiustit

Potency (Surgeocy) .06 (42)
b  

.13 (36) .07 (65) .04 (13) 17 (31)
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Intet(ectarce (Cutture) .17 (6) .19 (5) .01 (16) -.09 (9) . (3)

Affi tion - 03 (5) O 0 (6 )  .09(4) * (4)

Achieyeoept ) 24 4) 4).3 ()

M~co tin~ty 6 (8 (3) TJ(0 .03 4) (11)
Locus of Controf (2) (

Unctassified military S ..es ...... I (8) (25) : (20)

a Media are reported as the sutrwry index.
b the roebe r In parentheses is the nuaber of correlations on which the redian is based.

fOE: Median correlatio greater than .20 are iniated by a box.

for reported correlations between temperament scales and then using these
correlations to categorize the temperament scales into the five factors
identified by Tupes and Christal (1961) in their peer rating research. We
then added four constructs to the taxonomy to increase the honogeneity of
the onstructs. We dlso used a taxonomic system for the crite)ia. These
consisted of Educational, Training, Job Proficiency, and Adjustment
criteria.

We then summarized the criterion-related validities reported in the
literature according to our predictor and criterion taxonomies. Guion and
Gottier did not summarize the literature according to constructs; Ghiselli,
hoever, reported results only for studies for which he felt the predictor
was conceptually appropriate for the criterion. Our literature review,
which summarized the reported validities according to a data-based
classification of scales into constructs, suppcrts Ghiselli'r results and
conclusions. believe the construct approach highlighte' the predictor-
criterion relationships by reducing the "noise," if you will, and that the
Guion and Gottier approach masked such relationships.

Fxpert Judgments of True Validity. Using the construct ,"proach, we
identified the temperament constructs that were likely to yield good
criterion-related validities. We then asked experts to -stimate the
expected true criterion-related validities of predictor constructs for
important Army criteria. These estimated valid.ties also indicated that
the non-cognitive predictors were likely to predict Army criteria -
criteria such a; Initiative/Effort, Following Regulations and Orderq,
Leading and Supporting, Self-Control, and others in the .20s, .30s, and
even .40s. I might add that the cognitive and psychomotor measures were
not expected to predirt these criteria nearly as well.

Development of Construct Measures. Using the results of the literature
review and expert judgments, we ideitified "good bets" for predicting
important Army criteria. We oeveloped scalcs to measure these constructs.
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We wrote temperament ind biodata items for the ABLE, which stands for
Assessment of Background and Life Experiences, and we wrote ;ntrest and
biodata items for the AVOICE, which stands for Army Vocational Interest
Career Examination. We also developed four "response validity scales"
which we called Social Desirability, Poor Impression, Self-Knowledgef and
Non-Random Responses and included the items in these four response validity
scales in the ABLE.

We next examined the ABLE and AVOICE items for sensitivity, or the extent
to which people might object to the content of the questions. The Army and
their scientific advisors also reviewed the items for sensitive content.
We revised ur removed the objectionable items ,nd administered the ABLE and
AVOICE to soldiers at Ft. Lewis, Ft. Campbell, and Ft. Knox. After each
administration we examined the psychometric characteristics of the items
and scales and revised them for each subsequent administration.

The last administration was at Ft. Kitox where about 275 soldiers completed
the ABLE and AVOICE. We evaluated tite scales for internal consistency,
test-retest reliability, and their unique contributicn to the predictor
battery. For the ABLE scales, the median internal consistency was .84,
with a range of 70 to .87. For the AVOICE, the median was .S6, wlth a
range of .68 to .96. About 125 soldiers returned two weeks later to
complete the ABLE and AVOICE a second time. The median test-retest
coefficient for the ABLE was .79, with a range of .68 to .83. For the
AVOICE, the median test-retest was .76, with a range of .56 to .86.
Uniqueness analyses we conducted show that both the ABLE and AVOICE share
very little variance with the ASVAB or with the cognitive and psychomoter
tests included in the predictor battery. In short, the psychomotor
characteristics of botO the ABLE and AVOICE are very good; they are
internally consistent, stable over time, and likely to contribute
incremental validity to the predictor battery.

Faking Study. The next issue we addressed was faking. The concern was
that self-report measures are susceptible to intentional distortion. We,
therefore, conducted a faking study, the purpose of which was 1) to
determine the extent to which soldiers can distort their responses to
temperament and interest inventories when instructed to do so; 2) to
determine the extent to which the ABLE response validity scales detect
inteiltional distortion; 3) to determine the extent ABLE response validity
3cales can be used to adjust Dr correct scores for intentional distortion;
and 4) to determine the exten to which distortion is a problem in an
applicant 7etting.

We gathered data from 125 Army applicants peop'e who wanted to be
accepted into the Army and would have a motive for diitorting their
responses; we used the Ft. Knox data as an honest comparison sample; and we
conducted an experiment in which soldiers were instructed to respond
honestly or to distort their responses in a specified way.

The participants in the experimental group were 245 enlisted soldiers at
Ft. Bragg. We created four faking conditions:. fake good on the ABLE, fake
bad on the ABLE, fake interest in combat activities on the AVOICE. and fake
interest in non-combat activities on the AVOICE. We also created two
honest conditions: honest on the ABLE, and honest on the AVOICE.
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The design was a repeated measures with faking and honest conditions
counter-balanced. Thus, approximately half the experimental group, or 124
scldiers, completed the inventories honestly in the morning and faked in
the afternoon, while the ether half (121 soldiers) completed the
inventories honestly in t~ie afternoon and faked in the morning. In summary
then, we had a 2 x 2 x 2 fixed-factor, completely c-ossed experimental
design.

We performed a multivariate analysis of variance on the ABLE and AVOICE
scales separately. All the relevant fake x set interactions for the ABLE
were significant at the .01 level, indicating that soldiers can distort
their responses. The fake x set x order interactions, significant at
the .05 level, indicate that the order in which the conditions occurred nas
a significant effect on scores. We performed a multivariate analysis of
variance on the AVOICE scales and found similar results; people can distort
their responses to an interest inventory.

Another research question was the extent to which the resoonse validity
scales detected intentional distortion. The results indicate that the
Social Desirability scale detects faking good; the effect size of the
difference between the means for the honest and fake good conditions is
1.02, or one standard deviation, The Poor impression scale detects faking
bad- the effect size of the difference between the means for the honest and
fake bad conditions is ?.67, or just over two and one-half stanoard
deviations.

We next examined the extent to which we could use the response validity
scales, Social Desirability and Poor Impression, to adjust ABLE content
scales and AVOICE occupational scales for faking. We regressed out Social
Desirability from the fdke good condition and Poor Impression from the fdke
bad condition. Table 2 shows the median effect sizes between the honest
and faking conditions for the ABLE and AVOICE scales before and after
regressing out Social Desirability and Poor Impression. The median
difference in ABLE scores between the honest and fake good condition before
regressing out Social Doesirability is .49 or half a standard deviation.
That is, ABLE scale scores differ by about half a standard deviation in the
fake good condition as compared to tne honest condition. After regressing
out Social Desirability from the fake good condition, the ABLE content
scales are only .14, or just over 1/10 of a standard deviation, different
from the honest condition.

The median difference in ABLE scores between honest and fake bad before
regressing out Poor Impressior: for is 2.10. That is, ABLE content scale
scores in the fake bad rondition differ by approximately two standard
deviations from ABLE content scales in the honest condition. However,
after regressing out Poor Impression from the scales, the difference is
less than half a standard deviation. Clearly, the response validity scales
Social Desirability and Poor impression can be used to aojust scale scores
for the ABLE for intentional distortion. We do not knoq, however, whether
the adjustment formula will cross-validate aid be as effective in another
data set. Nor do we know whether adjusting the scale scores improves the
criterion-related vilidity of the scales. It may be that the unadjusted
scale scores are more criterion-valid than adjusted scores.

We performed the same computations for the AVOICE occupational scales and
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Tabte 2

Effects of Regressing out Rtsponse Vatlidity Scales
(Sociat tesirobiltty and Poor iepressicn)
in Faking Conditioes for ABLE od AVOICE

Honest vs Fake Good/Ccbat Honest vs Fake BEd/ifon.nicit
Effett Size Effect Size

Before After Before After
AdjUste et Adjustment Adjust nt Adjustrnt

ABLE .49 .14 2.10 .45
Conitent Scales

AVOICE .43 .33 .97 .86
Cobat schles

AVOICE .53 .39 .49 .34
Comat Suport Sales

median values are recoted.

found that the results are not nearly as impressive. The bottom two rows
show the iedian effect size of the differences between the honest and
faking conditions before ano after regressing out the appropriate response
validity scale for the AVOICE.

These data demonstrate that: 1) people can distort their responses to
temperament and interest scales, 2) response validlty scaluz detect such
distortion, and 3) the response validity scales can be used to adjust
temperament scale scores for distortion. However, the question remains
To what extent do applicants distort their responses? To answer this
question we compared scale scores from the Ft. Bragg experimental honest
condition and the Ft. Knox honest condition with the scale scores of
approximately 120 Army applicants. These comparisons suggest that
applicants do not appear to distort the;r responses. As shown in Table 3,
the applicant peans on the temperament scales (ABLE content scales) are
lower than one or both oF the honest means nine out of eleven times. The
results for the AVOICE are similar. In short, applicants do not tent to
distort their responses.

Summary. lo briefly summarize our approach and results. wo identified
constructs and developed measures of constructs that had demonstrated
criterion-related validity in the past and were judged by expects as likely
to be criterion-valid for important Army criteria. The measures we
developed contributed unique variance to the predictor battery, were
internally consistent or homogeneous, and yielded reliable and stable scale
scores across time and motivational conditions.

Our next step is to criterion-validate these measures with 4rmy criteria.
Data gathering for that is currently underway.
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table 3

Cwp ison of Ft. Bragg Moest*, Ft. Knox, and HEPS (Applicants) ABLE Scdles

Ft. Bragg HEPS
(Honest)* (Appt Cants) Ft. K(Ox Totat

ABLE Scale a ean ! e B Moan S.0.

Response Validity Scales
Socit Desirao 1i1y 116 15.91 121 16.63 276 16.60 3.21

(Unlikely V,rtucs)
SeIf-Knoatedge 116 29.54 121 28.03 276 29. 4 3.63
Bon-Random Rsponse 116 7.58 121 7.79 276 7.75 .64
Poor lepression 116 1.50 121 1.05 276 1.54 1.8.

Content Scales
Emnotionat Stability 112 66.22 118 66.03 272 65.05 7.86
Self-Esteem 112 34.77 118 34.04 272 35.12 5.00

Cooperativeness 112 53.'3 118 54.60 272 54.19 6.05
Conscientiousoess 112 46.37 118 46.49 272 48.97 5.86
on-Oetinqe ncy 112 53.24 118 5..36 272 55.49 6.91

Traditional Vatues 112 !6.67 118 36.97 272 37.28 4.50
Work Orient-rr 112 59.71 118 58.37 272 61.40 7.73
Internal Controt 112 49.48 118 51.90 272 50.37 6.13
Energy Level 111 57.56 118 54.67 272 57.19 6.95
Dominr ic 112 35.54 118 32.8L 272 35.41 6.05
(Leadership)

Pysical Condition 112 32.96 115 28.27 272 31.08 7.49

,scores era based on persons who responded to the honest con-dition first.
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SYMPOSIUM OVERVIEW

THE TRAIP,"G AND SELECTION OF ARMY MAMAGERS:
QUANf .ATIVE/QUALITATIVE APPROALiES

Gerald P. Fisher, Human Resources Research Organization (HunRRO)

Richard Lilienthal, Army Civilian Personnel Center (CIVPERCEN)

The U.S. Army's civilian workforce currently exceeds 450,000 employees.
As this %,idaly dispersed workforce becomes increasingly dependent on highly
skilled em.ployees capable of kecoing pace with rapidly advancing technolo-
gies, major personnel management challenges are presented. Among those
challenges are the needs of a personnel system to select, train, asslgn,
promnte and retrain employees and manaigers within t',e Army. The presenta-
tiops this morning include the following:, Selecting and Training Logistics
flanagers; Designing an Executive Development Program; and Managerial
Competences fo- LOGAMP.

This lmltary Testing Association symposium concerns three projects

reluted to training and selecting Army civilian proTessionals, managers
and/or executives. In order to promote and develop a diverse and talented
workforce, emphasis needs to he placed on recruiting, selecting, promoting
and training generalists who can meet the challenge of leadership and
change. Fac, of the three presentations focuses on some aspect of how
training requirements can be establisred and sequenced to effectively train
specialist supervisors in the directiun of generalist managers. Through
promotion, cross-training, management development programs, and other
methods, it is presumed that the goal of selecting and producing a well
tr'aired gpneralist can be accomolished.

At the same time, the technical sophistication of the equipment and
technoloyy that the new Army niust deal with today and tomorrow demands that
civiian proressionals and managPrs have state-of-the-art training, the
capabilty or nandling increasingly complax concepts and the skills of a
specialist. The general it/specialist dichotoy runs through each of our
presentations. 11hich skills ar,' essential and what knowledge(sl must be
possessed depend on using reliable and defensible data gathering and decision
making methods. Thus eacn of these three presentations relies on both
in-person interviews as well as questionnaires and formal data gathering
instruments. While sample size varied from 10,000 incumbents in the logis-
tics study to as lew as 10 executives in the finarce center effort, each of
the studies does rely on more than one data gatnering method.

All presenters this morning are outside the field for which they are
recommending training or selection criteria. Each of the papers will hope-
fully shed light on two related issues. The first is the question of the
qualitative role of the analyst at key stages of each of the studies. Each
of us in the symposium recognizes that when we ask a question of a group of
job incumbents that we in some way influence the response that is received.
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When we analyze a oata spt we also bring to bear our experiences and perspec-
tives. One of the issues in this panel is the role of the analyst and how
his or her eiperience and perspectives influence eventual policy recommenda-
tions and training or selection de(isions. A second issue of concern in
these presentations is that of sample size and the value and limits in using
either or both large and small sample data gathering methods. Each of tile
speakers will discuss this variable in our presentations.

One of the key issues addressed in the logistics study (Lilienthal,
Fisher, Hough) is wnether a single job analysis can be used effectively for
multiple purposes. In our paper we describe a job analysis uroject in which
both training and selection uses evolve from the same task data bdse. [loth
mdnagement and employees complain about the presence of separate job analyses
by hiriny, training, and classification personnel. A singie procedure that

would serve all of management's job analytical needs has been a goal of job
analysts for years. This project has not discovered that procedure. It
does, however, employ a true multi-purpose procedure in that the products
wil be used in both selection and training systems.

The :hree major uses of job analysis, i.e., selection, classification,
and training, hane different goals and needs. For selection purposes, the
anaiyst typically looks for similarities among jobs. This is because the
more that jobs are found to have in common, th2 more they can share commnu
selection procedures. General aptitude batteries such as DaD's Armed Forces
Vocational Aptitude lattery (ASVAB) and OTfice of Personnel Management's
former Pro'essional and Administrative Career Examination (PACE) could not
exist without commonal'ty across a ncmber of jobs. Tasks need not be written
at a detailed level of specificity if the resulting kncfledges, skills, and
abilities (KSAs) are general dimensiors such as deductive reasoning,
indurtive reasoning, spatial, numerical, oral. and writing abilities. At the
extreoe of this viewpoint are supporters of the validity generall2ation
concept who suggest that a selection-orented job analysis can be quite
simple, needing only to demonstrate that the job under study belongs to a
general class of jobs for which selection validation data exist.

For classification and pay purposes, the analyst typically looks for
differences among jobs. This is because the anaiyst must develop or support
a system which assumes differences among jobs (e.g., the Federal civilian
classification system which assumes that there are liundrds of series. each
having multiple pay grades). To obtain thesc differences, the analyst writes
task staterients reat are specific to series aid pay grades.

For training purposes, the analyst needs more detailed tasks and KSAs
thian for selection purposes. One reason is tha the task of the trainer
is to bring novices to the full performance level. While the selection
specialist ran concentrate on only the tasks and KSAs that distinguish
superior job performance, the traiing specialist must be concerned with
teaching everything neces-ary to perform the job. Another reason is that
learning objectives are more specific than dimensions such as oral ability or
writing ability.

This project uses the same task ilventory for selection and training
purposes. The dual purpose does riot become apparent until the SHE panels.
The level specificity of the task statements is that required for training.
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Altnough that degree of detail is not required for selection purposes, there
is no problem caused by having it. Job classification is not a purpose of
this project. If it were, many more tasks delineating level of supervision
and responsibility wouid be added. For selection and training purposes such
tasks ae not needed )ecause they do not add anything useful to the analy-
sis. For example, the same KSAs are needed to write a report as to review
and approve it.

[he two purposes manifest themselves in the SHE panels, not just in the
rating scales used, but in the very nature of the KSAs. There are typically
more KSAs identified for training, i.e., they are written -t a more detailed
level of specificity. Some KSAs appear as products for both ourposes but in
different forms. For example, in the Army Civilian Personnei Administration
career program, Army pay policy might be identified for training purposes
wihile Federal pay policy would be identified for selection purposes.
Although we would teach Army policy we would not want to use an Army-specific
KSA in the selection system. Agency-specific selection KSAs tend to restrict
comipetition and result in organizational "in breeding." Other KSAs appear as
products for only one parposes in any form. For example, we offer courses on
stress management bu, we do not rate and rank applicants on stress manage-
ment. Because it regulations and litigation our criteria for KSAs are more
strict for selection than training purposes.

In summary, each of these projects found that the former methods of a
few decision makers and staff members getting together to decide the content
of promotion elements or training requirements ha3 had to be replaced by a
iore rigorous and legalsy defensible multi-iethod approach. We look forward
to sharing details of these projects with che readers of the papers and ai th
the audience present at MIA.
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SELECTING AND TRAINING LOGISTICS PROFESSIONALS AND MANAGERS:
QUALI)ATIVE/QUANTITATIVE APPROACHES

Gerald Fisher
Human Resources Research Organization

Richard Lilienthal
Army Civilian Personnel Center

Lcaetta Hough
Personnel Decisions Research Institute

This paper focuses on methodological issues involved in one of the three

studies in this symposium--a Comprehensive Occupational and Data Analysis
Programs (CODAP) job analysis producing selection criteria and training
requirements for GS/GM 11-15 Army civilians in three career programs--Supply
Management, Materiel Iaintenance Management, and Transportation Ianagement.
To understand the need for this job analysis, it is necessary to outline
sevral recently developed Army managerial training, career development and
selection programs.

The Army is in the process of developing two systems for selecting and
training civilian managers. The Army Civilian Career Evaluation Syste,n (or
ACCES) is the result of a joint effort between the U.S. Army Civilian Person-
nel Center (CIVPERCEN) and the U.S. Office of Personnel Managemeht to improve
the current civilian promotion and referral system, known as the SKAP
system. ACCES requires a rigorous task analysis effort so that the job tasks
required can be quantitativelj specified. Once the task clusters are identi-
fied, appropriate knowledges, skills, and abilities (KSAs) can be specified
for pronotion and referral purposes throughout the Army. ACCFS will be the
Army's future centralized evaluation and referral system and has thus far
been implemented in two civilian career programs--Ndrnpower and Force Manage-
ment and Civilian Personnel Administration. This particular study looks at
the problems of daveloping selection criteria and training requirements in
three other career programs within a single effort.

The second purpose for which this job analysis was conducted is the
newly developed Army Civilian Training, Education and Development System
(ACTEUS). ACTEDS is targeted towa'd improving the dovelopment of the Army's
civilian work force through systematic technical, professional, and
managerial training and development. The Arny recognizes that ACTEDS is
needed because:

As presently designed, the civilian training and develop-
ment system does not fully support the progressive devel-
opment of Army's future top civilian managers. Contrary
to the desired orderly, systematic approach to technical,
professional, and managerial skills training, civilian
employees typically participate in programs on a self-
initiated rather than management planned basis. In most
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instances, the training and assignments they receive 3re
not sequentially interrelted to contribute to progres-
sively increasing and strengthening the experience and
knowledge base over their entire career.

One of the first civiltian career programs in which ACTEDS is being
implemented is the Logistics and Acquisition tanagement Program (LOGAMIP)

consisting of all GS'Gtl 11-15 managers in six selected Army career programs:
Contracting and Acquisition; Qualitj and Reliability Assurance Engineers and
Scientists, iaterial faintenance Management; Supply ranagerent; and Tralspor-
tation Ilanagement. (The last three career programs noted are being an3lyzed
in this study.) The method for developing ACTEDM training requirements, as
well as selection criteria for pronotion within the ACC[S program, is through
a CODAP-based job task analysis inventory followed by subject matter expert
(SHF) workshops whereiv KSAs are developed both for training requirements and
fur setting selection criteria.

Method

Sioce September 1984, the Personnel Decisions Research Institute (PORI),
joined by the Hunan Resources Restorch Organizat,on (HumRRO), has been con-
ducting a COrIAP-based job analys.s for the Army Civilian Personnel Center
(CIVPERCEN). Individual job task and KSA lists for the 20 job series within
the tnree career programs were inltialiy developed. The lists were based on
a review of 2,000 position descriptions (out of 10,000 job incumbents).
Using the review of current classification and qualification standards for
each series as well as the initial inventories as a starting point, a sample
of nearly 400 incumbents was interviewed in small group meetings to add,
modify, ur eliminate task stateiments, rhe analysts merged the individual
inventories, resulting in a single job description inventory of more than 300
task statements covering all three career program,. The single LOGAIP task
inventory was then distributed to all 10,000-plus job incinbents at Army
installations througnout the world. Following receipt of completed ifven-
tories, CODAP analyses are to be conducted and pertinent task and duty
clusters will be developed and validated by SMEs.

Develcpment of the CODAP Invwntora

CODAP was originally developed by the Air Force for occupational analy-
sis purposes in the mid to late 1950s. CODAP incluoes a set of interrelated
statistical programs used for the pirpose of job analysis.

The primary focus of CODAP is the analysis of ,obs, jobs Deing defined
as a set of tasks selected from a standard inventoy. The selection of tasks
is performed by the job i.cimbent to reflect those tasks actually performed
by him or her, In addition to identifying the tass, the job incumbents are
asked to categorize the relative time spent performing each task. When these
"time spent" categories are assigned numerical weights and converted to
percentages, individual job descriptions are producd. It this inventory we
asked incumbents to rank both relative time spent (to other tasks) and
importance to job on each task performed.
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In our current CiVPERCEN project, we Plan to analyze the data on the
basis of empirical task/duty clusters, rather than on previously developed
job series within the various career programs that are being reviewed.
Furthermore, we have attempted to go beyond the definition of jobs defined
merely by a time spent analysis and have included ai inportance to the job
scale with each task statement. Additionally, b-cause the types of eojipment
and comimodities are thought by inc,rmbencs to oe such a critical variable
(in many cases) for selection and training of high level professionals and
managers, we have added a separate section to the job description inventory
to identify the equipmeit/cornodites that differentiate various jobs at
various levels of the organization. This additional secticn also allows us
to greatly shorten the length of the inventory. For instance, rather than a
separate tasK statement such as "develops long range budget for fixed iing
aircraft," as oell as a similar statement for each type of eouipment covered
in the career program(s), we merely listed each commodity and equipment type
once and shortened the task statement to read "develops long range budget."
As can be envisioned, this shortens the inventory from several thousand items
to several hundred (349 task statements along with 88 comnodities and
equipment cateoories.)

Once the statistical clusters of tasks and duties are established
through the various CODAP computer programs, selected SMEs will review the
data and establish the task/duty clusters. Following the specification of
task and duty clusters, SHE panels will be formed for each job cluster to
rlevelop KSAs needed for training requirements and selection criteria.

OISCUSSIOl

The methodology employed in our study is a multi-method multi-purpose
job analysis. The two method are 1) 1 task inventory with CODAP analysis
and 2) panels of subject-matter-experts (SHE). The two purposes are to
identify jobs and KSAs for both promotion and training. The task inventory
is used to identfy and define jobs; the SME panels are used to ioentify the
KSAs for promotion and training.

MuLtiple Method

The importance of this project required the best possible job-analysis
procedure. A multi-method approach was consinered desirable despite its
hlgher cost in terms of time and money. fhe two procedL-es qere selected
because they were felt to represent the best )f all those available and
because they complement each other. That is, each overcomes a potential
weakness in the other.

The task inventory/CODAP method could be used alone. The function ot
tee SME panels, i.e., identification of KSAs, could be accumplished by adding
a KSA section to the task inventory booklet. Respondents could rate KSAs on
individual 7-point scales relating to promotion and training. This procedure
was not considered desirable for three reasons. First, the addition of a KSA
section would have increased the inventory length to a point where the com-
pletion time for the inventory would be prohibitively long. Civilians cannot
be required to complete the task inventory and every effort must he made to
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secure their voluntary participation. As the inventory booklet was already
quite long (31 pages), any additional length would have a negative effect on
the return rate. Second, the identification of KSAs for promotion and train-
ing requires more informatio than ca be obtained by a single rating scale
on each topic. As is described later in this paper, three rating scales are
used just to identify KSAs for promotion purposes. CODAP-type task inven-
tories generally do not employ this number of rating scales. Third. a job
analysis consisting solely of task-inventory data is not considered as
defensible from a content validity standpoint as is one containing data from
multiple methods. Items in a task inventory, like any other questionnaire.
are subject to varying interpretations by respondents. No matter how care-
fully task statements are written, they will be perceived diffe ently (i.e.,
erroneously) by some respondents. The problem of differential interpretation
is especially acute in this project because one task inventory is being
administered to employees in three different career fields. The potential
for this problem may be greater for rating KSAs than fo- rating tasks. This
is because employees are familiar with task statements in job descriptions
and performance standards. They are not equally prepared to deal with KSAs.
In generai, the content validity of the job analysis wll be strongest when
the results of the task inventory are corroborated oy another method.

The SME panel method also could be used alone. The function of the task
inventory/CODAP analysis, i.e., identification and description of jobs, could
be accomplished by having the panel members write task statements and rate
them on the same scale(s) that would otherwise be used in the task inven-
tory. In essence, this method would be a task inventory without a mailout.
The same employees would provide task statements, rate them, and assign then
to jobs. This procedure was not considered desirable for three reasons.
First, it could have the appearance of a closed-door, "old boy" system to
both employees and the courts. Even though it may provide identical results,
the large-scale survey method appears lore objective than the SME panel
method. Second, it does not publicize the job analysis the wey a large-scale
survey does. The publicity function is important in ths project because the
promotion and training systems which depend on the job analysis results need
to be accepted by employees in order to operate as desired. Employees may
not pay much attention to newsletters, oemorandums and other information-
sharing attempts, out they must attend to a task inventory even if they
choose not to complete one. A 100 percent sample ,s used in the task l,lven-
tory mailout in part for its public relations value. Although published
studies show chat reliable results can be obtained with sirprisingly small
samples, a 100 percent mailout is seen as worth the relatively small extra
cost because of the way it involves employee; in the job analysis process.
Also, the smaller the sample, the more the procedure resembles that of the
SHE panel methodology and the project desired two quite different proced-
ures. Third ind finally, an SHE panel approach was not used by itself
because SMEs were not comfortable with the task of defining all the jobs in
the career programs. Management wanted the job analysis to determine "what
is out there," or what is objectively found by thu analyst to be present in
the field. Management officials and good psychometric practice dictate haf
a few SMiEs are poor candidates to attempt to specify the job tasks of several
thousand eployees throughout the world.
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Qualitative-Quantitative Distinction

The task inventory and panel methods are considered by sone to be at
opposite ends of a quantitative-qualItat!ve continuum. Our experience with
these methods shows this not to be the case. lie consider panels to be every
bit as quantitative as tne task inventory method (conversely, task inver-

tories to be as qualitative as panels). A good deal of statistical analysis
iollous our panels. The main difference appears to be in terms of sample
size. Perhaps the qualitative reputation of panels stems from toe use of
panels by some Job analysts merely to provide narrative information on tasks
or KSAs. In our method, panels are used to provide nJrerical ratings on a
number of dimensions, To illustrate this, consider the steps the panel goes
through in identifying KSAs for just one purpose, that of promotion:

1. Fditinq of important tasks. Panel members are provided with a
listing of the tasks identified by the CODAP analysis as being most
important for their joo. ("Inportant" tasks are separated from all
the tasks iq the CODAP-produced job description by the use of some
heuristic rule. One such rule typically used is that an important
task is one that is oerforned by at least 50 percent of the respond-
ents and is in the upper 50 percent in ' e cumulative group rating
column of the job description.) The panel determines whether per-
formance on those important tasks dvfferentiates superior from
average employees. The panel members do this by individually rating
the extent to which superior and average employees differ or, perfor-
mance of each task. A three-point scale ranging from "not at all/
slightly" to "significantly" is employed. Tasks on which there is
little variation in job performance are dropped frem further
consideration. This step occurs because there is little predictive
value in identifying KSAs for tasks that all employees perform
equally well. Our ultimate goal is to identify KSAs tnat result in
superior job performance.

2. Identification of KSAs and linkup with individual tasks. Some job
analyses stop with the identification of job-related KSAs. Our
procedure follows the identification of job-related KSAs with a
rating of the KSAs differentiation ability. Panel members inoivid-
ually rate each KSA on the extent to which possession of it is
important in distinguishing superior fron average employees in
performance of eacn differentiating (see step #1) task. A three-
point scale ranging from "not at all/slightly importart" to "highly
important/critical" is employed. Each difterintiating task is rated
in tur,. Identifying the KSAs that show the largest difference
between superior and average employees is done because the most
differentiating KSAs should be the host valid ones for selection
purposes. For any job, there are ,any KSAs that are job-related.
However, many job-related KSAs show only minor differences between
superior and average enoloyees and, therefore, are not very useful
for selection purposes. Since there are practical limits on the
number of KSAs upon Ahich an applicant can be rated, the use of the
most differentiating ones maximizes the validity of the rating
process.
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Linkuo of YSP.s with o4ra~l ob. In this step, panel members

i-e t'Fte KSAs required for the job as a whole and determine how

well those KSAs differertiate superior from average 
employees. ThMs

step Is sliirlar to the last one, the main differepce being that 
the

job-related and differentiating KSAs 
are identLified for the job as a

whole instead of for individ,al taskS. The overall-job linkup is

used in addition to the task linkup because there Is no accepted

beqt way to conbine KSAs ratings on individual tasks. Also, there

may be KSAs required for superior overall job performance that are

not related to individual tasks (e.g., the ability to handle numer-

ous activities concurrently).

Perhaps the quantitative reputztion of the task inventory methid stems

from the amount of compr.ter time required and the quantity of printout pro-

duced by CODAP. There is no depying that the task 
inventory method requires

a good deal of statistical analysis. However, there are riany qualitative

aspects of the task inventory method which are often overlooked or glossed

over. Two general areas wilf be used to domonstrate 
the qualitative nature

of the task inventory method. First, consioer the process of determining 
the

sampling plan, i.e., determining which employees to inte'view when writing

task stateients. This is the "Catch 22" of the task 
inventory riethod because

the analyst has to have a pretty good idea of what the results will be 
belore

the job analysis is conducteo. That is, one needs to have an idea of 
what is

done at each location (ma.or coinand, office, division, etc.) in order to

interview tire full range cf employees and develup a co,preheiisive 
inventory.

The interview plan is based primarily 
on quatitative information.

A second example of the qualitative 
nature of the task inventory method

is tne nurber of decisions necessary in the ,riting oi task statececits. The

jot analyst can alter the results cf the NODAP analysis by altering the

manner in which task statements are written. 
By writing more general state-

nents, the analyst can "hide" differences between groups. Conversely, by

writing very specific task statenents, the analyst 
can make jobs appear more

different. 3y judicious use of verbs that relate to level of responsibility

(e.r., draft vs. write, propose vs. approve), 
the analyst can control whether

grade and staff-operatiig differences 
appear in the CODAP aralysis.

Thus, both job analysis methods have qualitative and quantitative

aspects. The qualitative side of the task inventory method nay be more

apparent to those who have employed it repeatedly. The quantitative nature

of the SME panel method may be hidden by 
the few analysts who continue to iise

it to produce only narrative information.

CONCLUSION

In order to meet current legal and federal guidelines in the imple-

mentation of Army programs, a rigorous jot analysis is necessary. in the

cdse of this logistics job analysis, we found that an integrated (multi-

method, multi-purpose) approach 4as called 
for. Our experience is that using

this multiple approach will provide 
the most useful product available.
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Managerial Competencies Asbessment
for Army Civilians

Dr. Grenville C. KLng
U.S. Army Management Engiieering

raining Activity

in the autumn of 1982, the U.S. Army Civilian Personnel Center
tasked the Army Management Engineering Training Activity to develop
a cOmpeLency based system to support manager and executive development
(Army Civilian Executive and Manager Development System, ACE&MDS).

Research on the project was initiated in January 198$ with the re-
view and analysis of prior research studies. However, frequently during
the course of the project, several major activities were initiated and
researchtd concurrently. The multiple concuttent chronologies, involv-
ing the major design, development, and test activities of the ACE&MS
project are grouped as follows by functional category:

1. Isolating the specific managerial competencies which wouli be
used in ACE&MDS.

2. Testing a competency assessment instrument for individual
managers.

3. Identifying and evaluating training and development oppor-
tunities.

4. Developing an automated data base and processing system.
5. Designing and testing a complete managerial competency assess-

ment program for Army management personnel at all levels and
in all career fields.

The Managerial CompetencyConcept
The initial tasks that faced the ACE&MDS project team involved

isolating the specific managerial competencies that would be used as
the basic foundation for the system. An extensive literature search
was conducted to review the development of the competency concept and
to attempt to identify potentially useful assessment systems. Prograns
that had been devzloped within the Federal Government were given parti-
cularly careful review since their competencies were potentially more
likely to be representative of the Army civilian population than studies
of private-sector managemeut. The most significant public-sector compe-
tency programs that were reviewed included: U.S. Army Training and Doc-
trine Command Soft Skills study, U.S. Air Force T,aining Com;and, U.S.
Army Organizational Effectiveness Center and School, U.S. Office of Per-
sonnel Management(OPM) Management Trainiing Needs Profile as modified for
U.S. Army TanV Automotive Command (1976), and the OPM pxoto-type Manage-
ment Ex,:ellence Inveutory (1983).

An examination of all the foregoing studies, and numerous others of
less significance indicated that there was continued interest in many cir-
cles in defining those competencies requtred to manage successfully. The
variots studie6, howevei, approached the question of managerial competency
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in different ways. Some were elaberatons on the studies undertaken by
Shartle at Ofio State University in the 1950's and 1960's while others
focused on the Roles of Management (Mintzberg, 1973) or investigated
functional groupings of managerial work (Tornrow & Pinto, 1976). The

dAfnition of maage-al competency was a aso quite diverse.

Definition of Ce eteny
Early in the ACE&MDS project, the research team developed a standard

definition of competencv and adopted criteria that had o be met by a com-
petency system nd its asseessary to ss for it to be of value supor ng
DA requirements. A Competency was defined for the purpose of ACE&MDS is,
"Aggregates of behaviors and actvities expressed in tPrms of knowledges,

skills, and abilities, necessary to perform a task in an acceptable man-
tier." A managerial competency was further defined as, "Aggregates of
behaviors and activities, expressed as knowledges, skills, and abilities
necessary to perform in a competent manner in the manager role."

A signiricant criterion of competencies for use in ACE&MDS was that
the competencies must be based on observable, teachable, and trainable
behaviors. Non-teachable aspects such as physical traits and character-

istics were not useo.
In addition to the teachable/trainable criterion, it was decided that

a competency assessment system for the Army would have to have the follow-
ing characteristics:

o Accuracy; identifies true needs.
o Objectivstv; factual and unbiased.
o "User-friendly"; easy to use; little time required to administer;

timee'y; relevant feedback.
o Relevancy; results would be iob related and also allow information

for career growth.
o Hieraichical; data had to be in a form capable of easy consolida-

tion for policy decision.
" Cost effective; per capita processing costs had to be low enough

to allow large-scale use.

Examination of Existing Managerial Competenc Assessment SyStem
When all the factors listed above sere taken into consideration,

three existing managerial competency assessmevt systems, two from the
Office of Personnel Management, met enough of the criteria to be eval-
uated as possible systems for the Department of the Army.

After careful evaluation, it was determined that it would involve as
much work to modify the existing invenLory and test it as it would to
build a new inventory. Further work with the OPM inventory was discon-
tinued and the ACE&MDS project team started formilating a plan for a man-
agcrial competency assessment process tailored to Army necds.

The army-specific competency problem which initially appeared as a
major otstacle, was solved through the use of the competencies identified
for the Automated Program for Executive Develcpment(APED). This earlier
AMETA project was performed for the SES Office, HQ, DA, in 1981.
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In order to be beneficial for developmental purpose, the specific
activities performed by Army executives had to be identified. Since the
SES personnel came primarily from a broader raanagement pool, the Identi-
fication of managerial activities fcr APED was cascaded through all lev-
els of management and expanded across the Department of Defense. Thus,
the APED list not only applies for Army management, but Plso for Air
Force and Navy management. The basis for APED's usefulness lay in its
identification of 189 specific acrivities actually performed by Army
(and DOD) managers as presented in the 1981 study, the APED activities
were cast as teaching objectives grouped qualitively into 28 categories
which were likewise grouped into nine major areas. After carefully
examining the APED study and reviewing the study methodology with its
authors, it was determined that with some rctinement and testing, the
study could be used as the initial basis for development 3f an Army-
wide competency system.

Designing a Managerial Com~etency Assessment Inventory
Initial ideas on the ACE&MDS inventory formt and content coalesced

rather quickly. It was decided to base the inventory on the 28 competen-
cies and nine Macro-Cos'petency Areas instead of all 189 specific activi-
ties (which existed at that time) to avoid problems with lergth and time
that had been observed with the OPM instrument. To oftset potential prob-
lems with this approach, test subjects (i.e., individuals used to test the
inventory instrument) were furnished with a list of all 189 activities
to allow them to refer to specific activities when necessary.

Once the initial decisions were made on the number of competencies
that would be used, the project team I 'an development of the demugraphic
portion of the inventory. An initial Liquirement established for ACE&MDS
was that competency data would be able to be aggregated in various combin-
ations for different groups of managers. The demographics would provide
a mechanism that would allow the research team to not only aggregate data
by various groups but also to directly address specfic characteristics
of the population. As a result, data now exists to address questions of
population mobility versus promotion, education, and experience factors
in relation to grade, career field, etc. Since these questions can be
addressed in multiples for different career fields, installations, level
of management and so forth, the demographics represent a valuable plan-
ning tool for personnel management.

While the demographic portion of the inventory was being desjgned,
developmental effort was underway with the competency asqessment por-
tion of ACE&MDS. Since actual measurement of competency is so time
consuming, it was determined the format of the ACE&MDS inventory would
he a self-report based upon the concept that one person who best knows
the strengths and weaknesses of that individual _s that individual him-
self(herself). After using this self-assessment concept in tests with
approximately 500 managers, it was found to bL desirable to involve the
immediate supervisor in the process.

lo avoid similar problems observed with other inventories, the com-
petency assessrent part of the ACE&MDS inventory was segmented into three
portions which were rated separately. In Part I, the respondent was asked
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to rate the importance of each of the nine macro-competency areas to their
job. This was a forced choice rank-ordering process where the person tak-
ing the inventory uses whule numbers, 1 to 9, without using the same num-
ber twice. In Part I1, the respondent indicates for each of the 28 com-
petencies on two factors, a. "Do you need training?" - YES/NO; and b. "How
often do you use this competency?" - Never/Rarely/Occasionally/Freqently.
Part III asks several questions that were generated from research with
manzgers who were rated -xceptional on their last performance appraisal.
Each aspect of the competency assessment is independent thus avoiding prob-
lens of mixed quesion/answer results, The independence of these elements
is maintained throughout the data svmmaries; however, they can also be
zonsidered together if the need arises. For example, the elements on an
inventory can be combined to develop an individuals training needs prior-
ity in which case they are weighted and multiplied.

Tests with the Proto-Type Inventory
The ACE&MDS inventory underwent eight iterations, each of 4hich were

refinements of the previous version. All vervivns of the inventory shared
the basic 3-part characteristic; therefore, the following discussion of
tests w!Lh the inventory refers to the preto-type inventory as if it were
one version.

The inventory tests were initiated in late March of 1983 with ten
AMETA management students. Based cn interviews with these students, the
inventory was revised and tested with suosequent management classes. This
process was repeated until, by late Jtne 1983, 373 stodents had taken the
inventory and been interviewed. The interviewing was done both individ-
ually and in groups and resulted in improved instructions and better for-
matting. Additional studies were also conducted, such as one performoed
with exceptional managers where inventory results were compared with the
iesults of detailed critical incident interviews. These results were
calculated manually. The reaction fror the test participants was very
positive, both to the inventory and to ACE&MDS as a system. A final test
of the inventory involved test/retest reliability. This action was con-
ducttd to determine if the inventory gave stable re.ulrs over time. The
analysis )f test/retest data indicated that the ACE&MDS inventory was
highly reliable. With this information, it was decided to tet the ACE&MDS
inventory acrosc a representative population of Army managers.

The Low-Scale Inventory Test Phase
The low-scale test of the inventory took place between July and

September 1983. To insure a representative sample of participants,
samples from installations in different geographic areas, from every
Major Comamnd(MACOM) and from all organizational levels withi- the com-
mands, were selected. The result was a test populat:on of 2,400 mana-
gers from 42 installations ranging in size from Tocele Army Depot, Tooele,
Utah, to Headquarteis Training and Doctrine Comn.and(TRAD0C), Fort Monroe,
Virginia.

By this time, a rudimentary automated processing system was in place
and participants were given the option to have training needs printouts
returned *o them; over 1,400 requested the training needs printouts. A
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structured observation checklist was used by researchers to record the
actions, questions, or comments of the participants as they participated

in that test. As with the proto-type test, interviews were conducted of

groups and individuals and inforciation collected to improve the system-.
A long form inventory was aiso given at selected sites as a cross-check
during this phase.

The outcome of the low-hcale inventory test was that the ACE&MDS

inventory worked. Modifications were made based on the information re-

ceived from test participants but these concerned "user-friendliness"

issues.

The Three-Step Inventor Process

As mentioned previously, the proto-type inventory relied totally
on the self-report of the position incumbent. Anqlysis of the results

of te proto-type test iadicated that a small number of people were try-

ing to miripulate results; for example, some reporte6 training needs in

everything, others reported no training.needs ac all. Wh.ie the position
incumbent is usually the best informed about the requirements of that

position, a check was required to minimize this tendency of some managers

to manipulate the inventory results. In addition to the personal manipu-

lation problem, the study team was concerned about how the supervisor's
perceptions could be considered in the process.

Even though the incumbent's perception of what his job demands are is
likely to be very accurate, it is the supervisor who established the job
requirements, evaluates performance, and initiates training requests to
satisfy needs. The supervisor does this from his Lnowledge and perception
of the incumbent's position. Hopefully, the two perceptions would con-

verge; if not, a mechanism to reconcile the two views of job requirements

and training need was needed. This mechanism e%olved into the AMETA Three-

Step Assessment Process.
In the Three-Step Assessment Process, Step I required that the subor-

dinate fill out the ACE&MDS inventory based on how he views his job require-
ments and how he sees his personal need for training ard development. In

Step 2, the imieediate supervisor fills out th, inventory based on this
assessme,t of the subordinate's job and on his assessment of the subordin-

ate's need for training and development. Step 2 is completed without dis-

cussion between the two partics or to any reference as to what the subor-
dinate wrote. In Step 3, the subordinate and supervisor meet dd negotiate

their perceptions of the job's requirements and the suhordinate's need for
training and development. The first two steps are important because they

give both individuals the chancL to record their views objectively witbout

concern about the other person's perceptions.

E/periments with the Three-Step Process were conducted in August, 1983
at various installations. Matched pairs of actual subordinates and super-

visors role-played the 3-step process. Observers watchrd the process and

conducted post-test interviews to determine facility, accuracy, and relia-
bility of the 3-step process. The superior-subordinate interaction that
takes place during the Three-Steps also has important fringe benefits. It
forces participants to compare percpptions using a standardized list of

observable performance-based corpetencies; this puts that the interaction
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on a more objective footing. Respondents in interviews reported that
their interactions, while not always comfortable, proved enligh-ing
since participants had previo.sly relied heavily on assumptions regard-

ing each otners perceptions.
Tne Three-Step Process was incorporated into the ACE&MDS inventory.

The inventory and 3-Step Process was now ready for a full system opera-

tion test.

To insure as accurate of a system test as possible, the system was
tested throughout the management population of a continguous segment of

a Major Coimaand(MACOM). Everyone from team leader through executive;
from camp/post/station through MACOM, HQ, would participate. Partici-

pants received individual training needs printouts. Summary data on

organization population were provided to local T&D officers after the
test. Post test interviews were conducted with a sample of parcici-
pants ad will all T&D offiters.

LOGAMP
The full ACE&MDS system was also used to support the Logistic and

Acquisition Managcment Prcgram(LOCM P). The LOGAMP is a proto-type pro-
gram to improve the managerial and technical competency development of

htgh potential GS-13-i5 personnel in a family of six Logistics-relattd

career fields. While the ACE&MDS MACOM test was underway, the LOGAMP
program was finalized. LOCAMP selectees were administered the ACE&MS
inventoty as a reans of developing IDP's. AMETA personnel provided
follow-on assistancc after the Three-Step Process by assisting the LOGAMP

participants and advisors at a special IDF seminar.
The experience of the system operational test in the U.S. Army Corps

ot Engineer3 and the use of ACE&MDS to support LOGAMP clearly indicated
all components of ACE&MDS were functional as designed. The total inte--

grated system prozides timely and accurate managerial competeecy needs
identification for individuals and groups and is an effective mechanism
to meet the developmental needs surfaced by the Three-Step Process.
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$ TYPES AND QUALITY OF NATIONAL TRAINING CENTER DATA

Patrick J. WhitmdrsL

U. S. Aimy kesearch Institute Field Unit

Presidto of Monterey, California

The Nationa] Trahiig Center (NTC) at Fort Irwin, CA provides U.S. Army
heavy battalion task forces (TFs), controlling brigade headquarters and
supporting units training with Multiple integr,,ted Laser Engagement System

(MILES) and Live Ftre under realistic combat conditions not found at home
station. The NTC is in a position to provide Army decision makers information
on battalion task force rca~ning, doctrine, and readiness in the context of
the Army Training and Evaluation Plogram (ARTEP). One objective of the Army
Research Institute Presidio of Monterey Field Unit (ARI-POM) NTC Training
Research Program is tc establish an operational, computer-supported NTC Data

Management and Analysis System to support researcn on these complex issues.

The purpose of this paper s to present the types of NrC information
currently available; rEsearch pionlems with respect to collection and merging
of information;, data quality issues; and a discussion of standardized

procedures.

TYPES OF INFORMATION AVaILABLE

Operations Plan. The Operations Plan is a planning document provided by
the NTC to the TF controlling brigade to be executed by the battalion TFs at
the NTC. Information typical of the Operatlons Plan include the MISSIONS
which will be executed, and the general Astronomical data across the time
period included; a SCENARIO PLAN; a TIME/EVENT SCHEDULE for Mechanized and
Armor TFs. and OPFOR;, a GENERAL SITUATION narrative describing a hostile
international condition witn potential for war between the two superpowers,
OPFOR and TF with GENERAL SITUATION UPDATE(S); an ANALYSIS OF AREA OPERATIONS
narrative describing a General Description of The Area, Military Aspects of
The Area, Effects of Characteristics of The Area;, a DEFENSE INTELLIGENCE
REPORT on the Handbook Krasnovian Army (OPFOR): ant a series of OPERATION
ORDERS (OPORD), WARNING ORDERS and accompanying overlay maps.

rake Home Package (THP). The THP is prepared for each TF Commander by the
NTC Training Analysis and Feedback (TAF) Dlivislon. The document contains
narrative and numerical descriptions of unit periormance at the NTC and
recommends additional training for hose station training. THP information
includes a General overview of the document in terms of Purpose, Scope and
Organization; the Missions Conducted; a 14-Day AAR Briefing describing the
Offense (missions) and Defense (missions) by Engagement Simulation in terms of
Equipment Loss and Equipment Loss Ratio and by Live Fire in terms of Rounds
eired, Target Ht3, Rounds Per Target Hits, Targets Hir,, Rounds Per Targets
Hit, Kills and Rounds Per Kill, and Trends describing TF Performance and
Battalion Equivalent Loss Comparison; the Daily AAR Presentations describing
in narrative each mission in the context of Operatlig System, Reported Event,
Effect, Reason, Cost and Doctrine and describing numerically the Equipment
Losses by Company/Team across lanks, APC and TOW and the Radio Transmissions
by Task Organization across Number of Transmissions, Average Length of
Transm'qsions, Number of Transmissions Greater-Than-25-Seconds-Less-Than-50-
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Seconds and Number of Transmissions Erual-To-and-Greatec-Than-5C-Seconds; and
a List Of Audio/Visual Materials.

Company/Team Take Home Package. The Company/Team Take Home Package is
prepared by the TAF Division for each TF company/team. The document describes
in narrative form, the Plan, Prepare and Execute phases for each YTC mission
for each Company/Team.

Video Taae After Action Review. The video tape After Action Review (AAR)
is prepared by the TAF Division on each TF mission, It is intended to
supplement the THP in establishing future home sraLion training. The AAR,
considered the key to training effectveness, is a tactical discussion among
all soldiers conduc ted by the senior trainer immediately following each
mission trainiag exercise.

Unit After Action Report. The Unit After Action Report is a detailed
narrrative and numerical description provided by the brigade commandpe to the
division commander on the NITC training period. The Unit After Action Report
narrative it.cludes a Narrative Overview, each IF Commander's Coansents. Task

Organ-zation, Specific -Comments au Recommdendations on Command and Control,
Maneuver, Fire Support, Intelligence, !Ar Defense, Mobility and Counter-
mobility, Combat Service Support, SurvivabiliLy, and Recommendatton for

improvement of the NTC Expetienue. The numerical contents include Maintenance
Production and Major Assembly Usage, Vehicle Requirementq, and Budget.

National Trainins Center Instrumentation Systea (NTC-IS) Data Tape. The
NTC-IS is divided into the Range Data Measurement Subsystem (RDMS), Range
Monitoiing and Control Suosystem (RMCS), and Core Instrumentacion Subqystem
(CIS). The RNMS provides real-time position/loc~tiun and engagement event
data on all instrumented players during the TES. The RMCS monitors and
controls all activities on the engagement simulation and live fire ranges.
The CIS provides all real-time data processing and interactive play
capabilities needed to monitor, command and control all engagement
simulations. The NTC-IS Data Tape conrains information replay of the battle
for display on "NTC workstation" graphics terminals and also for input into
the ART-POM NTC Resear.h and Trainisg Data Base. The i.ape data are formatted
for the INGRES relational data base management system (RDBMS) on the DEC-VAX
11/780 computer system. INGRES was selected based on the research data base
(RDB) criteria: maximize data element relationality, user friendly, retrieval
efficient, modularly expandable, allow researchers continuing studl, reliably
supported and meet computer system specifications. INGRES facilitates
research by manipulating the existing 61 data tables. Continuing research
anticipates restructuring, adding and deleting variables with INGRES.

RESEARCH PROBLEMS

Collection. Data collected from the battlefield mubt be interpreted from
a given context. To get a complete picture for off-line analysis we need
plans, scenarios, orders, communications, and ac, urate poGition loc.tLon and
firing data. In addition, we would like to have data on transient events such
as smoke and on factors which are basically not instrumentable (e.g., what did
the commander know"). This is an ideal not readily obtainable. Our goal i
to work with NTC personnel to obtain as mu, h as we can and anderstaad what '7e
are missing. This will permit us to better interpret performance.
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1 erL_. Certainly one major ssue is integration of infornariion from
oultiple sources to permit more co-nplete and effective analyst, and inter-
pretation. The ARI-POM NTC Research ai.d Training Data Base I- designed to

accommodate text as well as numerical data thereby pcoviding an etfficent RUB.

- O$A 6kill"

I PE 03* $Ll

INGRES STc-IS UA[A rat'

.1O~ =LSSLAO

- VIDEO IAPL

DBATE ISL AUJ RO)ME PACY* CE

H1/. AUTA FIFE
A*20/?

"REAI," OLy ONLY

Figure I

ARI-POM NTC Research and Training Data base

Figure I "iadtoates Operations Plan, THP, Company!Teafm Take Home Package,

v,deo Tare After Action Review (convert audio to text) and Unit After Action
K,2)oct are entered to the NTC rraining and Researel Data Base with INGRES by

Data Base Administrator (DBA) from a terminal with "write only" privilege.
The NTC-IS Data Tape I.,, entered by tape drive thru NTC fianslator and Loader
software and 'NGRES by c'omputer system operator. To simplify subsequent
NT('-[S Data T[ape perations, a NTC Data Tape "backup" 4b performed where by a
tier van access the data tape thru INGRES with "read only" privilege, The

user has access to the tape drive, statistical packages and user fiLe system,
and the KDB rhru INGRES woth "read only" prrvTledge.

DATA QUALITY ISSUES

A(c uravj. Previous investigations have attempted to utilize the NTC data
sources without knowledge ot the conditions under which the data were

,olLerted, the result )f ohith has been to limit the resear'h to one data
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source. Witn -ultlple sources and types of data and effzcient werging,
comparisons will be possible to identify data -eltability. As 7 first step we
investigatea the accuracy of oata entry on vehic le loss and radio communica-
tion variables across THP, INGRES RDB, Graphics Displays and Summary
Statistics derived from the NTC-IS Data Tape for seven selected TF missions.
The results indicated perfect agreement, in all cases, between the Sunmary
Statistics and the INGRES RDB only. Some of the problems are attributed to
missing data entries by operator personnel and possible software errors.

STANDARDIZED PROCEDURES

Operational Control Units. Data qtiality cn be improved by u.e of
standardized procedures, at the same time recognicing data quality can never

be perfect because some data are collected during real time. However,,
procedures can be designed to support both craining at NTC and improve data
utility collected for off--line analysis. We, at this time, are preparing a

procedural document to assist the NTC CIS Operations.

CONCLUSION

The NTC represents a complef environment providing the Army, for the first
time, an opportunity to evaluate training readiness of TF units under
simulated combat conditions. This paper examined types of information
currently available, identified some research problens, discussed data quality
issues and standardized procedures for the purpose of supporting the NTC
RDB. A fully supported NTC RDB is the key toward effectively analyzing unit
performance, thereby providing for an efficient and effective fighting force.
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An Overview of
ARI's Research Program

on the National Training Center

James H. Banks
U. S. Army Research Institute Field Unit

Presidio of Monterey, California

The National Training Center (NTC) was established at Fort

Irwin, CA to train battalion task forces under highly realistic

and intense conditions which are rt obtainable at home

station. A second purpose was to provide information to help

the Army evaluate its training, doctrine, organization,
equipment, and readiness. Thus, the NTC provides capstone

training and potentially permits measurement of the output of

tne Army unit training system. However, combined arms training
exercises of the scale, complexity, and realism of those at the

NTC have never before been conducted, nor has information of

this richness been available for analysis and Interpretation.

ARI's NTC-based research program was established to help get

the maximum benefits from the NTC and to increase the effec-

tiveness of ARI's overall R&D program. I am going to provide
an overview of the program, outline a few of the problems in

measurement and interpretation of unit performance, and in

diagnosing and correcting problems when they are detected, and

generally describe what we hope to do. Other speakers will

describe the NTC, the types of data available and potentially
available, and some early analyses.

Measurement and Interpretation of

Task Force Performance

The NTC provides an unparalleled opportunity to obJecti,,ely

measure and analyze unit performance to detect strengths and
weaknesses, typical performance, performance ceilings, and

teends. Measurement and interpretation must take into account
both the nature of the Task Force and the combat environment in
which it must function.

The Battalion Task Force is a complex system containing

maneuver, intelligence, fire support, air defense, mobility/

countermobility, and combat service support elements or
subsystems, all bound together by a command and control

subsystem, as shown in Figure 1.
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Figure 1
One Model of' the Battalion Task Force as a System

The combat environ,.ient for the Task Force--or the NTC as a
high-quality simulation--is complex, rapidly changing, and
uncertain. "Correct performanr.el alWa ,s Involves t,,ade-offs of'
capabilities, opportunities, and risks, and always In the
context of the comnmander',; orders and incent for a mission.
Moreover, friendly actions are opposed and countered by n
intelligent advereary. Taus t~ie problems faced in combat, by
the leader and by the soldier, are typica~ly fz.'-o
clearly stated, where the needed information is not all
available, wnerc no set procedure car be uso d to reliably
produce an answer, and where there may be no single answer that
is demonstrably cor'rect.
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Given thp complex nature of the Task Force and the combat

environment and requirements, the proolems in measuring end

interpreting unit performance at the NTC are twofold. First,
facts do not "speak for themselves": rather, they are meaning--
ful only in relation to other facts and expectations. These
relationships can be informal (e.g., "common sense") or quite
elaborate, formal, and explicit, as in scientific theories.
For tie major relevant problem areas--how to fight, how to
evaluate collective training and performance, how humans learn,
how to instruct teams--the theories are not well developed or
integrated. We,therefore, need descriptive models of tne Task
7orce system and subsystems to guide observation and interpre-
tation. Initially these can be derived from doctrine but they
need expansion, synthesis, and empirical validation. Second,
enormous practical problems exist in operationally defining
concepts in terms of procedures and data elements, from the NTC
or elsewhere, and actually conducting the desired analyses.
While "quality control" of NTC instrumented data can certainly
be improved. it will never be perfect because it is collected
during reat training exercises. In addition, many aspects of
performance %hich might be desirable to observe are not readily
collectable by automated methods, and capabilities for non-
automated collection are limited and hard to reliably and
validly implement. Under these conditions, analyses must be
highly robust i.e., permit interpretation despite data gaps and
complex Interactions. Traditional data analysis methods are
not well suited for such applications However, human beings
do, routinely, process and use information of this type.
Therefore, we will be interested in developing "expert"
approaches and models to supplement conventional methods.

The NTC as Part of the Unit
Performance System

The NTC is not a stand-alone activity but, rather, Is part
of the Army training system. Interpretation and correction of
performance observed at the NTC requires not only measurement
of performane but also understanding of the effects and
interactions of inputs to unit performance.
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Figure 2

A Model of Unit Peirformance

This model views the unit as an open system composed of

subsystems--missions and values, technology and training,

personnel, structure, leadership. Thus, factors internal to

the unit--training validity, timing, completeness, and mastery

level; leadership priorities; individual and organizationol

values; moralc; cohesiveness; ec.--all are in active and

contlnual interaction with each other and with the envirunment

in which the unit operates. lnputs include those found In

Table 1.
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Table 1
Inputs to Units

Doctrine Threat analysis, strategy, missions,
tactics, TO&E.

institutional Validity, timing, completeness, mastery
Training level, tralnirg evaluation, performance

accountability, values, quality of
exported training support products.

Unit Training Training resources, training evaluation,
performance accountability, quality of
aids and literature, fill level/Job
assignments/MOS mismatch, force modern-
ization/transition, housing and post
services, management skill, valoes,
leadership.

Personnel Recruiting, selection, classefication,
Job design, aptitude measurement, school
assignment, unit assignment, promotion,

retention, elimination, retirement, pay
and benefits.

Equipment Operability, maintainability, durability/
reliability, trainability, performance
capability, cost.

Logistics Opeed and range, quantity/lift, surviv-
ability, economy/consumption, cost,

II
Societal Values Attitudes towards the military, national

goals and pride, etc.

To obtain maximum benefits from the NTC, it must be treated

as a part of the unit performance system. Therefore, interpre-

tation and improvement of performance must consider both home

station factors and outside inputs to the unit. ARI's R&D

concept takes this into account.
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INPUTS TO UNITS HOME-STATION NTC TRAINING AND

PERFORMIANCE (OUTPUT)

BUDGET RESOURCE - UNITS

EQUIP ENT LEADERS

DOCTRINE PERSONAEL - SYSTEMS

ORGANIZATION MISSION & VALUES - WEAPONS

MATERIEL - LEADERSHIP - SUPPORT

- TRAIRINO AD - CC AND E CONTROL

- SCHOOLING 
PC URF NCE

- TRAINING SUPPORT

DEVELOPMENT. O LEADER

O CREW

- RECRUITMENT 0 INDIVIDUAL

- CLASSIFICATION 0 SYSTEMS

- ASSIGNMEHT o SUPPORT

COAE ION

INTERNAL INTERNAL 
1

INTERNA
RESEARCH/ANALYSES t_!ESEARCH/ANALYSES A NE, ANALYSES

RESEARCH/ANALYSES ON RELATIONShIPS

Figure 3
Research and Development Concept for Unit Performance System

In this concept, research on NTC training and performance,

on home station factors, and on the various inputs to units

will be conducted because of their importance in their own

right to Army sponsors and clients of the ARI program. In
addition, ARI has established the Unit Performance R&D Center
at its Presidio of Monterey Field Unit, with scientific and
ArTny training expertise and computer analytic and data base
capabilities for handling data from NTC and other sources. As
the data base is established over time, it will permit develop-
ment of a scientific and practical approach to the measurement
and interpretation of unit performance and, for the first time,
effective research on the relationships and interactions of
factors in the unit performance system. The primary sponsor
for the NTC-based program is the Combined Arms Training
Activity which is the Army executive agent for use of NTC
information for assessment and improvement of Army training,
'rainlng support, doctrine, organization, and materiel. It is

expeoted that research et the Center will also potentiate the
effectiveness and value of other ARI research and development.
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LEADER PERFOFRMANCE CRITERIA AT THE NATIONAL TRAININC CENTER (WTC)

Earl C. Pence

U.S. Army Research institute

Introduction
The presentations you have heard thus far have described the operation of

the NTC and the types of data which are currently generated during the train-
ing exercises. For the most part, these data describe WHAT happened during
the preparation and execution of a mission and are performance data at the
unit level (battalion, company or platoon). The focus of the current presen-
tarion is on the development of a new data collection syste which will pro-

vide information to aid in understanding 'JHY certain events or outcomes occur

at the NTC. The new data collection system is being developed to aid the NTC
Observei/Controllers (OCs) in observing and reccrding performance indicators

of leaders at the battalion, company, and platoon levels.

The Current System

The OCs at NTC have, of course, been observing the actions of leaders at
NTC since the time the training center first opened. In fact, the After

Action Review (AAR) process used to provide feedback after the end of mls-
sions at NTC is a leader-oriented process in that the informatton at the
battalion and company levels is provided to the key leaders in the battalion.
The information itself, however, is focused on unit performance with little

emphasis on leader performance except for probing questions as to why leaders
made certain decisions or took particular actions which tha OCs judged as

critical to the outcome of the mission.
In August of 1984, the Leadership and Management Technical Area of ARI,

tn conjunction with the Center for Army Leadership (CAL) at Ft. Leavenworth,
began werk on a leadership research effort at the NTC. The initial task was

to assess existing leadership training and data collection processes at NTC
and to determine the potential for enhancing the quantity and quality of

leadership data collected at NTC as well as the means for improving the de-
velopment of leaders participating in exercises at NTC. During the fall of

1984 a research team composed of a researcher from ARI and a Major in the
research branch of CAL spent a two week rotation In the field at NTC. The

team traveled with the OCs and focused their observations on the manner in
which the OCs gathered information, recorded observdtions, and provided feed-

back to leaders training at NTC. The research team also recorded the condi-
tions under which the O.s performed their work.

While I will describe the conclusions drawn from these observations ver-
bally, I think a few slides illustrating the conditions under '.hich the OCs

perform their job will provide a better understaniing than any verbal des-
cription I could give.

The first three slides illustrate the NTC OC's primary work site--the 1/4

ton jeep. The jeeps are loaded with 7 to 9 days' supplies and all the OC's
tools of the tradc, including a lot of pyrotechnics and a map strapped to the

hood. The fourth slide illustrates an example of an OC observing the deliv-

The views expressed in this paper are those of the a.thor and do noL neces-
sarily reflect the view of the US Army Research institute or the Department
of the Army.
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ery of a company operations order. The fifth through seventh slides give you
an idea of what the OCs observe while chasing tanks and APCs (Armored Person-
nel Carriers) during a training mission. The eighth slide illustrates an-
other part of the OC's job, crawling up on tanks to verify hMLES kill codes.
The ninth and tenth slides illustrate the platoon OCs meetings with the com-
pany OC at end-of-mission to compare notes and prepare the company level AAR
and the delivery of the company AAR. The eleventh and twelfth slides illus-
trate the preparation process for the battalion AAR and the cite for -ha
battalion AAR. The final two slides illustrate the typical sleeping condi-
tions for the OCs when they have the opportunity to obtain more than an hour
or two of sleep. If they have only a short time (which is typical) they will
simply sleep sitting ic the jeep.

Initial Research Findings
The key findings from the research team's initial visit to the NTC are

listed on the first overhead slide.

SLIDE I

INITIAL RESEARCH FINDINGS

The observer/controllers receive little or no training.

Considerable variation between OCs on decision rules guiding
observations and feedback.

OCs made notes of their observations in a variety of means:

* 3 x 5 note cards
* Small memo pads
* in grease pencil on map cover on hood of jeep

* In grease pencil on top of ammo can

Notes used primarily for AARs and relatively little of the
information wa- captured pervanently.

A second round of observations in the field at NTC by the same research
team in June of 1985, followed by Intexviews with approximately 30 past and
current NTC OCs, confirmed all of the findings noted above. The only major
new finding from the second data collection effort was that the company OCs
are now required to produce a company level Take-Home Package which makes it
even more critical for them to record their observations during or immedi-
ately after each mission.

The observations in the field and the interviews with the OCs indicated
the need and opportunity for enhancing both leader performance data collec-
tion and leader development at NTC. The primary means for accomplishing both
goals will be to develop a system which encourages more systematic, consib-
tent, and accurate observation and recording of leader performance followed
by feedback in the AAR on key leader events impacting on anit pesformance.
The system must meet the criteria contained on the next overhead slide to be
acceptable to the OCs who would use it.
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SLIDE 2

CRITERI FOR SYSTEN ACCEPTABILITY

I. The system must not increase OC work load.

2. The system must be convenient to use under extremely
harsh environmentel conditions.

3. The system must provide information which can be used
almost immediately for preparing and delivering AARs.

The Design of the Stem
There are actually two distinct challenges to be met in designing the

data collection system for leader peLformance criteria at NTC. The fitst is
to develop the appropriate content for the data collection system (i.e.,
identify performance dimensions and operational measures of the performance
dit, ensions). The second challeng will be to design the format or technology
which provides a dati collection process acceptable and useful to the NTC
OCs.

Content
Develcpment of the actual performance dimensions will be accomplished

using a modified BARS (Behaviorally Anchored Rating Scale) development proce-
dure. The key steps in this process are listed on the next slide.

SLIDE 3

STEPS IN DEVELOPMENT OF CONTENT FOR LEADER PERFORMANCE HEASURES

1. OC interviews to identify potential performance
dimensions and examples of effective and ineffective
leader performance.

2. Development of performance dimensions with definitions.

3. Vork with OCs to develop behavioral anchors, performance
indicators and decision rules.

4. formative eveluation of anchors and perfotmance indicators.

5. Development of OC tralning program.

6. Validation of the leader performance measuresr using unit
performance measures as criterta.

The performance indicators and decision rules referred to in steps 3 and

4 will be guidelines to be used b) the OCs in determining the approprIate
rating to be given on say particular performance dimensions. For example, on
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a performance dimension related to communication by the leader, the perform-
ance indicators and decision rules would probably include a series of ques-
tions which the OC could ask subordinate leaders and soldiers to determine
the extent to which mission-related Ioformatlon has been communicated. The
leader's rating on the communication dimensions would depend, in part, on the
answers the OCs received when they asked the questions. The use of such
performance indicators and decision rules combined with guidelines on record-
log specific leader behaviors would be part of the OC training program.

Format or Technology
The most difficult challenge for the data collection system is to package

the system using a format or techmology which meets the criteria regarding no
increase in OC work load, convenience of use, and immediate information
availability. The most promising concept for meeting these needs involves
using an electronic clipboard under development by ARI's Training Research
Laboratory. The clipboard is a small, hand-carried device which makes use of
a touch sensitive screen for recording data. The format of the screen is
programmable and seems ideal for a menu-driven data recording system. The
menus operating on the screen could provide branching which would enable
fairly detailed recording of observations or ratings with only two to four
touches to the screen. The system would require no key punching and would be
considerably more efficient and convenient to use than traditional check
lists. The figure on the screen now illustrates an example of how such a
menu-driven data collection system might work.

SLIDE 4
MENU-DRIVEN DATA RECORDING SYSTEM

S eto 'ickat

C Iprove troop
'vedIng procedures.

Receive the mission
Issue the vurniug order
eke . teotative plan

rt necessary movement
Re onooitec
CosIete the plan
Isuo Orders

__ Super'hlse

_ Listens actively
Determines sufficient 'oformation
Read& back OPORD respoagibilit',es

- Restates *i..Ion objective
A Restates enemy situation (site, armor cap., arty

cap., activity, intentions)
N Proposed execution of operation (concept, graphic

control maesures, times)
ft festte co bat support (arty., CAS, egineer apt.)

a etate coenand and sigoal
-----------------------------------------------------
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The output of data or information from the clipboard could take any of a
number of formats. The data could be presented on the clipboard screen, it
could be printed, or it could be transferred directly to a computer. This
variety of options would meet the need for immediate feedback of Information
in the field as well as eliminating tho need for handling paper documents in
the transfer of data for research purposes. Specific observations recorded
on pre-printed, color-coded 3x5 note cards could be used to supplement the
data collected on the automated system for illustrative purposes to explain
ratings and provide feedback during the AAR.

Proreson .System Development

Content

Interviews with the h7C OCs were conducteC in June of 1985 and the ini-
tial content analysis of the interview transcripts has been completed. Exam-
ples of the type- of leader performance information obtained in the
interviews are illustrated on the next slide.

SLIDE 5
CHARACTERISTICS OF EFFECTIVE LEADERS AT NTC

PLAR.11 AND UTILIZATION Of TIKE

Prepares detailed pleas and gives specific guidance on what he sots to

happez. (Cotunicates plans weilt gives complete snd cleare operations
orders.)

Cotducts planattg muich that his subordiantes have tiae to prepare for
the next mission (savaes tise well).

usts tise effectively and snets work priorities.

CO-'t JNICATION O lNaT.7

Coanunicates his intent as a coomander clearly.

Disseminates information to the lowest level possible ard keeps people

informed.

UDderstands his commander'a Intent.

SIPteRVISO AND STA A..,,DS

Know what he wanta to seaen the ground (knows the standard).

Communicates what be wants with authority (communicates standards).

Enfor es standards and hold individuals accountable for doia their jobs

(makes rapid corrections).

Supervises tasks ad tar giving order (i.e., checks progress, walk& the

lise, inspects positin or ensures this is done).

-------------------------------------------------------------------------
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This information will be combined with previous research findings to
develop an initial set of approximately 12 leader performance dimensions
which will be taken to NTC for modification and operationalization by the
OCs.

Forma t
The initial development of the electronic clipboard is nearing completion

and a number of the devices will be available for pilot-testing by ARI dur-
ing the current fiscal year. The initial pilot testing of the clipboards
will occur at a site other than NTC. Preliminary work on a format that may
serve as the basis for designing the menu-driven system to b programmed into
the clipboard is currently underway.
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-:TLt B ttalion .erformance ci tne Lve Fire Range at the

National Traininq Center (NTC;

AUTIORS Thomas K zorsvt-e and Wil!,am D Doherty

CORPORATE AFFILIATION The BDM Corporation

1:n ouct ion

The train-ng benefits Derived by units training at the National
Training Center (NIC) have been of considerable interest to the
J S Army The Army Researcn Institute (AR!) has developed and
initiatec a orogrammatic research effort to assess these benefits
As a oreliminary step in this effort, an exploratory data analysis
of tne performances of battalion task forces or the live-fire
range at the NTC was conauct3d As stated by TuKey (1971) the
curoose of exploratcry data &naiysis is to be detective in nature
not confirmatory. thus, tne investigation rellects incursions
into the oata cesiqned to explicate the structure of the data
rather than to confirm a particular model of the data using the
data provided in 54 TaKe Home PacKages for the perioc of early
1982 to late 1984. it was possiole tc exam-ne battalion

performance for three live-t)re scenarios Defeno from a Battle
Position (Day). De4end from a Battle Position lNignt). and
Movement to Contact (Day) The presentation of these data was
organized around three "imary issues

(1) has battaicr performance changer over rime at the NTC)
t2) How do the oertormances c

+  
the Armor and Mechanized

Infantry Task Forces differ'
(3) What factors seem to be related to performance at the NICI

D~A Sorgce

-he :ve--ire data were extracted from fifty-,our (54) Take
home Packages ()HP) These oata represented the live-fire
performances of 96% of the battalion task forces that trained at
the NTC from early 1982 to late 1984 Data from the remaining 4%
(2 battalions) of khe task forces were ether not availaole, or
erroneous due to target eouioment malfunctions on the live-fire
range it was fe

)
t that exclusion of this small amount of data

from tne investigation would not adversely affect its
generalizablity or statistical powe-

The live-fire results reported in the THP generally includeo
Tne following data

- Number of Targets
- Percent of Targets Killed
- Tank Rounds Fired
- Tank Round Hits and Kills
- Tow/Draqon/Viper Laser Pirings

- Tow/Dragon/Viper Laser hits and Kills
- Number of Eacn Friendly Wedpon System
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Tnese data presented ample opportunities fo conducting
areliminary research on battalion task force performances at the
NTC The performance data was first extracted from the TaKe home
OacKages and a computer data base was establisned to assist in
sorting and analyzing the data. In all cases. unit designations
were omitted to preserve unit anonymity.

Data Analyis

As indicated earlier, an exploratory data analysis (Tukey.
1977) approach was employed in this study. This resulted in a
series of analyses being conducted and all aimed at understanding
the structure of the data from the live-fire range at the NTC
Specifically. analyses were aimed at satisfying the first two
objectives of the exploratory data analysis approach (Hartwig ano
Dearing. 1979)

H!) Understand each variable as a separate entity
(2) Understand pairs of variables as relationships

A number of data analytic tecnniques were applied to the
live-fire data base Tne initial efforts used univariate
descriptive statistical techniques The results of these were
used to generate a picture of performance at the NTC Generally,
the results were transferred into grapnic disolay Somewhat more
sophisticated techniques including T-tests ano regression were
used to examine bivariate relationships oetween different factors
and performance at the NTC

An Important decision influencing the results contained in
this report was the selection of a primary variable as measure of
task firce performance Of the available variables, the one which
seemed to most directly reflect overall unit performance was the
PERCENTACE OF ENEMY TARGETS KILLED

it was also decided that because tnis reoort was designed to
proilde some early insights into unit performance changes at the
NTC. only individual battalion performances would be considered
aid analyzed That is. their performances would not be aggregated
and analyzed at the brigade and division levels However, an
analysis of that order would be a logical follow-on to this
analysis once a better understanding of tne oerformance data at
the battalion level is developed cor the same reason, only the
effects of the tank ballistics are considered in this study
althougn the performance of tne lows/DragLn/Viper laser firings on
the live-fire range might also be investigateo for a subsequent
study (It must be noted, however, that the TOW/DRAGON/VIPER
performance analysis would not be as meaningtul as the tank
performance analysis due to tne narrow range 'n values fo:' the
laser firings as compared to the tank ballistics data
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Results

Using the 'Percentage of target kills" data as an indicator
of meaningful unit Performance on the live-fire range at the NTC
and comoarinq tne battalion Performances in the first I months
with those of tne next 12 months of a 2-I/2 year period (early
1982 to late 1984). this study found that

(1) The percent of targets killed by the tanks of the Armor
and Mechanized Infantry Task Forces increased between the first
and second periods of this study

(2) The increase in percent of tarqets killed between the
first ano second periods was attributable to both one-time
visitors to the NTC and to repeat visitors to the NTC Therefore.
the differences in performance was a function of some phenomena
associated with time and not just some aavantage factor acquired
through repeat visits to the NTC as might be expected

(3) The change in performances on the live-fire ranges was
orobably not a function of the activities involved in the
operation of the live-fire range by NTC cadre. i e . the live-fire
exercises were conductec in a uniformly consistenT manner
tnroughout the 2-1/2 year oeriod of this stuoy

(4) The change in percent of target-kills over time was not
related to gunnery accuracy as this did not change over time
However. a significant increase in the volume of tanK rounds fired
by both the Armor and Mechanized Infantry TasK Forces in the
second period was liKely related to the observec increase in
target kills

(5) The increase in rounds fired was related to an increase
in number of tanks assigned to the task forces (particularly to
the mechanized units) in the second period and to an increase in
the number of rounds fired per tanK

(6) A Positive and statistically significant relationship
was found between the number of rounds fired per tank and the
percent of enemy ki!ed Tnis relationship was strongest for the
day attack and day defend missions

-iartwig. F with Dedring. B E Exploratory A Aalysis everiy
Hills. CA Sage. inc 1979

Tukev. J Exolorator y Oata Analysis Reading. MA Addison-Wesley,
:nc 1971
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TiIIE An-,ysis of NTC Force-on-:orce Performance
AUIHOR Judith 2 Ncnoils ano Wil:iai Oonerty
AFFILIAi.ON iTe BDM Corooration

[PtrodJctiOn

u S Army oattalions have been training at tho Nationai
Irainin Center (NTC) at Ft Irwin. California since 1981 The
Objective of NT. t-aining is to provide a facility where units can
urcergo essential combined arms training tnat cannot be accom-
plished at home stat'ons due to physical l'mitations and the
orohibitive cost of provioing realistic training environment A
seconGary ob)ective of NTC training -s to gather information which
can be used to contribute to the imorovement of doctrine, tactics.
training systems, equipment and procedures in the U S Army

in supoort of the NTC trformation-gathering objective. the
Army Research Institute (ARI) nas develooed a researcn orogram
which incluces as a technical objective the collection, organiza-
tion. and analysis of NTC data in order to assess those tra,ning
benefits whch may be accrueo oy the units training at the NIC
This report is an investigation of the force-on-force data that
are contained in the Take Home Packages (THPs) which are compiled
and issued to the tra:ning units at the end of eaci NTC rotation
The focus of this stuoy was the relat'onsn'p between task force
performance on the NTC battlefieid and the force moderr-zation
(i e . the changeover from H-- -c -MTOE Series organization) which
took place during the period under study

Background

The NIC conceot is geared to the training of the battalion
task force (TF) Each battalion task force oarticipates In
aoroximateiy six force-on-force vxercises during a two-week
-otation period at the NTC These exercises usualy are more or
less evenly divided between offensive and defens-vp operations
using laser-based engagement simulation instrumentation to pro-
vide rea:-tme casualty assessment 'he simulator. the Multiple
integrated Laser Engagement System (MILES). is used on al IDrinci-
pal weapons and casualties are assessed when a weapon fires and
the MILES laser hits a target in adoition to force-on-force
training, units aiso perform tiree missions on the live f-re dnqe
during thei' rotation lhe results of the investigation of live
fire performance are presented in a separate oaper for tnis
symposium

The scenario d!ctates 'he force ratios of 'ie comoatants
While terrain ano scenario dotions are limitec. no two scenarios

are exactly the same Whvn the TF' conducts defensive mls-.ions
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they are always attacked by an OPFOR that replicates a Motorized
R-"'e Re'qment When tuSK forces conduct offensive operations.
they oriqnaily encountered a defending Motorized Ritle Company
However. in the summer 1984. the force ratio was changed to deploy
a defending Motorized Rifle Battalion (-) Analysis of the effect
of this change resulted in no significant differences, so the
data was pooled across time periods

Scope

Sampje

The sixty-four (64) battalions wnich unoerwent training at
the NTC during the period February 1982 through January 1935 are
rereserted in this analysis The 64 battalions represent the
rotations from six divisons and two separate brigades located in
the Continental United States (CONUS) The 54 battalions included
32 armor and 32 mechanized infantry units whicn were cross
reinforced to form 64 combined arms task forces (i e . 32 armor
heavy and 32 mech heavy TFs) Two rotations by the opposing force
(OPFOR) -- i e . two MfOE battalions permanently stationed at Ft
irwin -- were also included in the samole The OPFOR battalions
did not undergo the stdndard rotation series of exercises but
rather performed a mini-ARTEP Houever. the data extracted fo"
the two missions performed by the OPFUR battalions (i e .
movement to contact and defend in sector) were not
suostantialoy different from the data ot the "est of the saanple
and so were included in the analysis

Data Sources

As previously mentiunea. Take home Packages (IHPs) are pre-
pared and issued to the training units at the termination of each
NIC rotation Separate Pdckages are prepared for the respective
armor ano mechanized infantry task forces The IMP is an overall
description of unit performance during the rotation and includes
statements of performance trends during the 14-day rotation per-
iod The TPP is the final compilation of a)! after acton review
scripts and encompasses an assessment of all seven ooerati-g
systems, live fire gunnery data, and IF and opposing force (OPFOR)
aggregate losses

The force-on-force results are reported in tne THPs in seve-
ral formats and incluce the following data

TF and OPFOR vehicle loss summaries for Offensive
Engagement Simulation (OES) operaticns
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- F and OPFOR vehicle loss summaries tor Defensive
Engagement Simulation (DES) operations

- Numbers of 1F vehicles started and Kliled for each
mission

- Numbers of OPFOR vehicles killed for each
mission

Offensive and defensive operations summary data were extracted
from the 64 THPs Mission-specific data for the six most commonly
performed missions (i e . movement to contact/meeting engagement.
deliberate day attack. deliberate night attack. Cefend in sector,
delay in sector, and defend from a battle position) were also
extracted from the THPs ano combineo witn the summary data to
construct the data base for this analysis Each individual task
force was coded to preserve anonymity and tne data were then
subjected to a number of statistical operations

Data Analysis

1he task force was designated as the unit of measurement and
the data were diviced into two groups in order to identify
differences in tasK force performance at tne NIC durinq the period
that force modernization was taking place The first group in-
cluded ail h-MiOE Series rotations occurring ietween February 1982
anC January 1985 and the secono group inclucea all J-MTOE Series
rotations occurring durnq the same time period The two groups
were fu-ther refineo tu identify differences between mechanized
infantry and armor IFs wthin the H- and .-Series categories

ihe limited scope of force-on-force data available in the
THPs severely constrained the analysis in several areas For
example. information on the numbers of OPFOR tanks and APCs start-
ing each mission was not availabie in the IIF trus prohibiting the
derivation of percent of enemy vehicles Killed during an exercise
Although the force strengtns for Motorized Rifle Regiment and
Motorized Rifle Company are available in FM 72-1. The Tank and
Mechanized Infantry Battaion Task Force. Appendix H. this does
not al ow for instances or vehicle breakoown in the tipic, numbers
of vehicles actually available to the OPFOR curing specific indi-
vidual missions, and so forth For the purposes of -n-s report.
ii was decided that the assumption of (ons,stent StanpO'ds for
OPFOR strengths would not be mace

lwo measures of batta.ion TasK fuice performance were
selected for study The first, "%Lost". represents the percentage
of 1F vehicles lost on the NTC bdttlefieid -- i e . numoers of TF
vehicles killed at each mssion / numbers of It vehicles started
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at each mission This measure was available for each TF venicle
type kilied (i e . APCs to include TOWs, and tanks) as well as an
aggregate valde ("Total Vehicles Lost") that combined all veh'cle
types Results of preliminary analyses revealed that TOW losses
were not obviously different from APC losses and so TOW data were
incorporated into the APC data to produce an APC/TOW category

!he secojid dependent measure, "Casualty Exchange Ratio",
consists of the ratio of vehicle casualties for the two forces
-- i e numbers of IF vehicles killed / number of OPFOR vehicles
killed -- and was calculated for both specific vehicle types
(i e . APC/IOW and tanks) and across vehicle types

Results

Andlysis of the percentage of task force lost indicated
little difference between h-series and J-series The only
stdtisical1y significant difference occured for the percentage of
APC/TOWs lost on the Offensive missions 'he direction of this
difference indicated that J-series task forces lost a lower
oercentage of APC/TOWs on the average than did H-series task
forces (13% ewer APC/lOWs were lost by J-Series task forces
-- significant at the p< 01 leveil) The difference was found for
botn Armor and Mechanized Infantry task forces, though the size of
the difference was greate, for the Mechanized Infantry (18% fewer
APC/TOWs lost by 3-Series Mechanized infantry task forces compared
tc 14% ewer APC/TOWs lost oy j-Series Armor task forces signi-
ficant at the p< 01 level) No statistically significant
differences occured in the contrasts between H-series and J-series
on the Defensive mission summaries

The lacK of a clear trend in performance differences between
i and J-series units precludes any inferences being drawn
concerning the force-multiplier effects of reorganization under
the 3-series MIOE

Analyss of the casualty exchange ratios again produced
significant Differences only for the Offensive missions The
contrast between H-series and i-series showed no statistically
signiticant differences for ither Armor or Mechanized Infantry
'ask forces This was true regardless of mission type However.
there was a statistically significant difference between the zwo
types of IasK forces in the exchange ratio for APC/IOWs on
Offensive missions The mechanized infantry tasK forces under H-
series had consistantlv greater casualty '-xchange ratus tian the
Armor task forces (H-Series mechanized infantry task torces
averaged two (2) more comoat vehicle losses Der Kil in offensive
operations than did H-Series armor units -- sgnificant at p< 05)
Analysis of the casualty exchange ratios aiso showed considerable
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variability in performance across the six mission types examineo
in the study, with the greatest fluctuations found in the Movement
to Contact mission

Based on the casualty exchange ratios, the OPFOR out performs
the battalion task forces by achieving a much higher kill ratio of
tanks and APC/TOWs when on both the offense and defense as com-
pared to the TFs when they are on the offense or defense

Discussion

The results of the analyses indicate that the determinants of
force-on-force performance are more complex than the current
information from Take Home Packages allow, Considerable variation
in battalion task force performance was found in the results
reported above Yet, only a small portion of that variation
seemed to be related to diffrences in the organization of task
forces (H-Series vs J-Seri es) or to the type of task force (armor
vs mechanized infantry) Further, the differences in performance
along these dimensions were not consistent either in terms of type
of mission (offensive or defensive) or type of performance measure
(percentage lost or casualty exchange ratio) This lack of sys-
tematic results and the relatively small size of the relationships
provide considerable evidence that force-on-force performance can
only be understood in the full context in which that performance
took place To accomplish that end, it will be necessary to
employ the full range of NTC digital data and possily supporting
data such as the commo tapes

Despite the limitations of the results, several findings are
of note There was considerable variation in performance of the
task forces measured either in terms of percentage of vehicles
lost or by the casualty exchange ratio Variation in performance
was greater for offensive missions than for defensive missions
This suggests that either the causal mechanisms for offensive
performance are more complex than for their defensive counterparts
or that training in the elements of defense are more universally
applied and incorporated.

Another finding of note is that performance variation was
least visible in the loss of tanks. Differences between type of
task force and task force organization, when tested on the
oercentage of tanks lost or the causlaty exchange ratio for tanks.
failed to produce any significant differences. As tanks
constitute the primary weapon system on the NTC battlefield.
performance characterisitics in this area are particularly
important. The high level of loss in this a,ea and the lack of



relationship to tne analysis variables studied nere -nc-cate a
more generic cause for the troubleo performrance Ire n -ure of
this cause needs to be studied

The last significant finding from these results concerns the
oerformance of the reorganized task forces (,-Series) Since
performance for these task forces was not found to be consistently
better than their earlier counterpart (H-Series) 1 is ,moortant
to determine why this should be the case One Possioi ty is that
tne addition of new assets independent of s flicient traning in
the oeployment of tnose assets may result in inefficient anc
ineffective use '" ,s. the new dssets may in fact ue consumed
at a higher rate than the previous assets (unoer :ne prior
organization) because the task force commander is unable to
incoroorate tnem into the scheme of the maneuver Whetn. this
hypothesis is true or whether some othe." causes are at work can
only be determined by the more comprehensive analyses to be
performec in the future

As indicated in the Data Analysis Section, the analysis of
force-on-force performance data was necessarily limited by the
type and level of information availabie for analysis While
recognizing those limitations. it was felt that there was much to
be gained by exploring performance variations to determine the
extent of their existence and whetner they were related to the
macro-level variables available in the Take Home Packages The
results of this analysis have accomplished that objective Trey
have cemonstrated trat variation does exist and that the macro-
level variables wnile related do not account for all of the
ooserved differences in performance Further. the analyses nave
pointed to several areas to oe oursued in the more conprenensive
analyses to be conducted with the NTC diqai oata Thus, the
results reported here represent the jumping off point tor this new
researcn effort
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TITLE. Use of Instrumentation to Improve Combat Readiness
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AFFILIATION: The BOM Corporation

I Introduction (Slide ) Soldiers sit

hunched in their fighting positions intently

peering into tne still desert darkness

ThE task force intelligence officer is

frantically attempting to contact his scouts

by radio who are twenty kilometers to the

front looking for the enemy. The commander

is oeing briefed on the status of the

defensive obstacle preparation within the

task force sector The brigade operations Slide I

and intelligence net is crackling with

sightings of a large enemy force on the move.

Suddenly, the stillness is shattered by the

deafening impact of steel from massed enemy

artillery. The S-2's scream is barely

audible that the scouts are in contact with a

force of 150 to 190 armored vehicles. (Slide

2)
The enemy motorized rifle regiment is on

the move and attacking into the guts of the

task force defense
This action is repeated over and over

again at the Army's National Training Center.

It is but one of the battles that U.S. slide 2

Soldiers will fight during their two weeks of

pre-combat hell that orepares them to meet

the Warsaw Pact in the defense of Europe.

(Slide 3) The National Training Center

was established in 1981 at Fort Irwin.

California. Fort Irwin is located in the

Mojave Desert at the point half way between

Los Angeles and Las l'egas. The closest

civilization is 40 miles away at the town of

Barstow.
(Slide 4) The NTC provides a facility Slxde

where units can conduct realistic training to

develop individual, leader, and collective

proficiency in combined arms operations. The

environment replicate4 combat conditions more "

realistically than can be accomplished at

home station due to physical limitations or

resource constraints.

Slide ,
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The NTC provides thz Army with the

ability to train and evaluate soldiers.
leaders, and units in the exec'Jtion of Army -

Airland Battle Doctrine (Slide 5)
Unique to the NTC is an unobtrusive

instrumentation system which captures the
actions of the task force in realtime. -

Instrumentation is used as training feedback
and as an instrument to provide insights and .
solutions to Army-wide issues of major
significance. Battle engagements are Slide 5

recorded by the use of an integrated position
location system and multiple integrated
Laser Engagement System. called MILES.
affixed to each combat vehicle. Opposing
U.S and enemy forces engage and cause
casualties to each other through the use of
eye-safe lasers which are attached to direct
fire weapon system. Mobile field video units

captire significant unit activities on tape
Command and control communications are
recorded for later feedback to the unit. BLANK

Exercise control and observer controller
assessments are supported by the
communications system. All field events are
£ransmitted from the simulated battlefield
through a remote range station to a central _

operations center. It is in the Core she £
Instrumentation System that all information
is fed into central computers and training
analysis personnel assess the performance of
the unit (Slide 6)

I_ A Defense Scenario The NTC

instrumentation system is the most powerful
training system available to any army The
instrumentation system allows the NTC

trainers to gain insights into unit tactical
performance not available through any other
means. The results achieved by the

instrumentation are fed back to the unit
commander so that he may take the appropriate Slide 7
measures to correct tis deficiencies. The

following tactical scenario example will
demonstrate the forceful utility of using
instrumentation to improve the Army's.
fighting capability. (Slide 7)

At 0500 hours U.S defending task force
is deployed as follows: Scouts are to the

front A company has two platoons defending _

forward with one platoon and the compary
headquarters tanks to the rear. Behind them

are B and C Companies and the task force

headquarters tanks. (Slide 8)
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(Slide 9) At 0550 the motorized rifle
regiment attacks into the task force
defensive sector.

AIde ,

(Slide 10) At 062C the lead motorized

rifle battalion attacks the two forward
defending platoons. With little loss of
momentum the regiment reorganizes on the move
after destroying the two forward platoons
and drives deeper into the defenders
position.

Slide 10

(Slide 11) At 0651 the regiment
deploys to attack the remainder of A Company.
At 0705 the regiment destroys the remaining A
Company defenders who were deployed at the
choke point in the terrain. (Slide 12)

S e 12

(Slide 13) At 0720 the regiment is deep (
into the defensive sectors 2000 meters from "
the defending B and C Companies.

- S93d9-13
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At 0731 the regiment attacks into the
final defenses of the task force and at 0759
defense is broken with elements of the
regiment driving toward their assigned
objective of the day. (Slide 14)

III Analyss of Task Force Fire Control and I
Distribut-ion of Tank Fires What went wrong'
The task force had 36 hours to prepare the
defense A lot of work has gone into -
preparing obstacles to slow the enemy The Slde 14

defense plan was well understood by all the
leaders The commander knew this would be a
tough fight but he never expected to be such
an easy foe for the NTC opposing force
regiment. These are some of the things that
were going through the mind of the conmander
as he reflected on the battle The NTC
instrumentation system gives the NTC trainers
the capabilities to point out serious
problems to the commander so he can take the
appropriate training corrective actions. The 4

following example will demonstrate how a
major problem was revealed in the
fundamentals of tank fire control and
distribution which led to the defeat of the
taSK force by the regiment

(Slide 15) The location and movement of
the motorized rifle regiment in relation to 7e 75

the distance from the defenders was recorded
using the color graphics position location
capability of the system.

(Slide 16) The location of the opposing '
force is plotted on a graph by time and
distance from the defenders Slide 16 --

(Slide 17) Tank main gun firing events
are captured from the system data base to Slide 17
reflect the volume of fire by the defenders.
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(Slide 18) These tank firing events are
plotted on a graph reflecting the number of -

rounds fired by the units at selected time
intervals. i

Slide 1b

(Slide 19) The final element of
information needed is to plot the
effectiveness of the tank firings against the
attacking regiment. Hits, kills, and near ::i - -

misses are recovered from the data base and
placed upon a graph by event, range, and time
the hit, kill, or near miss occured. (Slide
20)

Slide 19I~ ! .... ...........-

(Slide 21) By superimposing all three Slide20
elements on a single graph a composite
picture is then presented whirh depicts the
effectiveness of the friendly unit's fire
contol and distribution techniques. This-
composite pictures shows the initial fight of
the forward platoons against the regiment .i

The enemy attack was unempeded and friendly J
platoons were overrun. \

(Slide. 22) The volume of fire never
increased until the enemy had overrun the
platoon. The friendly fires were not slide 21

effective and only tisulted in killing four
enemy vehicles and only after the platoons
were overrun. this slide shows the results
of the encountE- between the remaining A _
Company platoorn and the Company Command
element Once again,, the enemy is allowed to
close in to a range of 1500 meters before the

volume of fire and fire effectiveness causes
eleven enemy vehicle kills. This is too
little and too late because the motorized
r ifle battalion continues to press through Slide 22

the defenders.
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(Slide 23) The enemy regiment continues

to press the attack into the last defenses of

the task force. The Ist motorized rifle .

battalion is successful in closing on the

defenders to be followed shortly by the 2nd

motorized rifle battalion who completes the

penetration. The friendly volume of fire is

negligible against the 1st MR8 and only

increases when the defenders are being

overrun by both MRB's
Fire effectiveness is again negligible .

with only a total of six opposing force S-ce Z3

combat vehicles being killed by the

defender's tanks. (Slide 24)

IV. Summar'j. The use of NTC instrumentation

as you have seen during this presentation has

a major impact on increasing the combat

readiness of the U.S Forces. Armed with the

clear picture of a ser'ous problem he has

within his task force, the commander can now
take specific action to correct this

deficiency The NTC instrumentation system

gives the commander the tools to improve and ce

adjust homestation training so that he is

prepared to ac:omplish his mission in combat

(Slide 25)

Slide 25
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Collecting and Utilizing Feedback Combined Arms -nd Services Staff School

Ralph W Ewall. Ed. ' -

Ft. Leavenworth. Kansas

Since the Ctobned Arms and Services Scoff School (CAS 
3 ) 

is one of four shoolhowses within the Command
and General Staff College iCOSC) one mav ask why two different feedback svstems exist within this college
The answer is related to the substantial lifferences in the tuo programs. Since the programs differ greatl,
their feedback requirezents are also different. 6ithout going into great detail, then differ in these
respects length, rank of students. ci.ss size. curriculum design, evaluation svste , and scope of instruc-
tor responsibil.t Sce of these differences will be discussed in detail in the following section

Background InforatiLon

Sone nackgrood in,ormatcn is needed to fully understand the feedback program The Combined Arms and
Services Staff School which we call GAS cubed is a fairlv new school which was created to teach staff skills
to ArM captains The curriculm is dicided into two phases. Phase I and Phase II Phase I is the non-
resident portion which most be completed prior to attending the resident portion, it consists of 15 sib-
course, called modules The average student can complete Phase I in abocut 1.0 clock hoors Phase 11 is
tc nine-week resident cortion of the course. Phase II consists of six exercises varving in length from
to I davys. Phase II exercises are subdivided into lessons Every student is assigned to a 12-person

staf: roup rois Staff troup is taught by an experienced lieutenant colonel called a Staff Leader 'ho is
responsible or the entire block of Phase 1I instruction. Since the same Staff Group stays with one Staff
Leader for none weeks, strong bonds of friendship Are developed. The final course grade is a pass-fiil grade.
the emphasis is on providing immeldate feedback on student performance for purposes of improvement e also
enan.ze the .evelopmen of hihher level mental nkills vuch an anal sa. snvthesi, and problensolving,
these skills are esphasized more than the mastery of information fence. there are no exams in Phase II.
Ins course represents the third mandator) educutional experience for an Army captain. the fist is the
Officer Bastc Course. the second is the Officer Advanced Course. nnd the third is CAS- This course mav be
the first course where the officer attends a school with officers o otfer branches The CAS

3 
program makes

Staff Group assignnents to achieve maximal mixing of branches The CAS course was extensively revised
after its first pilot iteration in 1981. There can r rher revision after the second iteration. ht present
-o are on a earls rewrite schedule. Revision information is collected throughout the near and then used as
a jai for a planned rewrite RFvsion information consists of Information such as the following
l:aornatian extracted from doctrinal changes that most be integrated into the curriculu. colnand guidance,
error correction and information collected from the CAS

3 
Student Perception of Curriculum Relevance (SPCR)

instrurents All of these data sources are utilized in annual curriculum revisions, in this presencacien
the 

5
oncentration is on creation, administration and utilization of SPCR The CAS

3 
Coordinating Author's

o:fice has the responsibility of an after-action report to the Director after evern nine-week class is
oxpleted The SPCR instrument is the basis for this report

Purpose

She SPCR instrument was developed for the following reasons First of all, there was a need to collect
student perceptions of the course so that curriculum writers and the Coordinating Author would know if the
I"ciiculty level wat too high or too low Then needed to know if the course was perceived as relevant. it
the amount o! time spent on various topics was appropr.or and if students perceived the content as oeing
urrent This is a good place to digress briefly on the topic at perception qtodent perceptions do not
equate to student achsevenent Student nerceptions tend to be soft data rather than hard data \everthe-
les, student percept.ons are real, if students perelve u course as being rrelevant. too eos%, teo hard,
or poorlv presented. then the nercepton -an be suftucientLc real to caue the course to be poorl received
or it maV -ose the course to fail Student perceptions are a fundamental basis for She success of ann
,ourse To get back to the original topic -- we knew that student perceptiuns of CAl were a Irticoi
le.nnt and we needed an instrument to collect these perceptions for purposes of coriculu revision S
second reaso or the development of the SPCR instrument was to provid( feedback to Sta, Leaders about the
functions of their Staff Croup and the norafe of their Staff Grou in conparison with other Start I cops,
and to do this on a tinel basis so that corcectve action could be taken Another aspect of the feedback
process was providing infornaton to the Director about srcee and progress of the various Staff ,roups

xpl.anatt-on of te Siste.

lhe (As
3 
progrin is 42 doss lone The SPCR qutstionvaire in adnunsitered three tines it mo adem-

utercd an d i A. on dl, 22. and An If The fornac In nuch that e ,ht voescion sre asked ahout cocc
,,-bon
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ThOU- I

Responses - A--:trongly Agree.
8--Agree. C--hleitral, 0--Disagree.
(--Strongly Disagree

Lesson 1, Staff Lesson 2, Staff
Techniqes Techniques
Problecsolving Military Writing

This lesson was valuable for an 1. 9
officer in my branch

Skills and information learned in 2. 10
this lesson will be useful to me
in future assignments.

Feedback. critiques and after 3 II
action reviens helped me to learn
and improve my skills.

Phase I materials did a good job of 4. 12
preparing me for this lesson.

This lesson supported CAS
3 
goals 5 13.

The material in this lesson is 6 14
current.

Responses - A--Too High, B--High,
C--About Right. D--Lo., E--Too Low

Judge the amount of tine allocated 7 15. --
to this lesson

Jud;e the difficolty level of a -- 16
tns lesson

e Want to non ii the lesson was relevant for an officer in that partlcular branch- we ask of knowledge and
sklls learned soil he oseful in future assignments, we ask about feedback, ve ask about Phase I preparation.
we ask of the lesson supports our four basic goals, we ask if lesson material is current, and we ask about
difficulty and tine allocations Note that questions i-3 deal with Lesson 1 and questions 9-16 ask the are
8 questions about Lesson 2 and so on. Students are asked to give responses ranging Iron h-srongl' agree
to E-stronglv disagre for each question. On questions 7 and 8. A-too high and E-oo low Students write
,heIr responses on an IB answer sheet Staff Leaders have the option of requrlng students to first owlte
their response on the questoonnaire before putting responses on the IRA sheet The advantage of this pro-
cedare vs that the Statf Leader receives feedback aboot his Staff Group's resi3onses on an imediate basis
Questions ire asked about lessons and also about exercises
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'AS'_ 2

F Responses - A--Strongly Agree.
B--Agree. C--Neutral, --Disagree
E-:-Stro.igly Disagree

Staff Techniques Exercise

Porale in the Staff Group was good. 89.

veryone in the Staff Group did 90
their share of work

Responses - A--Very High. B--High.
C--About Ri~ht. D--tow. (--Very Low

Judge the stress level g.

,c-e te workload 2

The last four questions reter to an entire exercise. Then ask about morale. Staff Group functioning, stress
level, and worKload The response torns are processed and the response data is placed in an utatiutical
PacKage tor the aocial bciences torbe) file for analysis [his file contains information for tne .o'

data base on branch affiliation and Staff Group membership The branch and Staff Group data provide us with
a poserful tool for analvsis of this data. Examples of analysis will be discussed in detail en ins section
tollowing

Examples of se

%rm branches can be classified into four groups I) Combat Arms such as Infantry and Artor. (2) Combat
Support such as Military Police. (3) Combat Service Support such as Finance and Adjutant General and (4) Pro-
fesvionais such as Arty Nurse and lodge Advocate General. The professional branches usually receive pro-
tessional trainng prior to entering the Army. They usually receive direct commissions and they usually enter
the rm at a rank higher han second lieutenant. Their work in the Armv resembles the work of their civilian
counterparts more thait it resembles the work of other officers in the Army Our program wanted to know how
these proiessionals nerceived our program. We already know that the overall perception was positlve, but
we were not sore I, this vereethen w-n shared Sn h le 4 h r-n weev %ne Aid wk if,' 0 aiff-rent wor

o cour proora- were perceived equall by different branch groups At this point a reninder i necesar
There are six evercisces n the Phae 1I resident portion The first exercise called Staht Techniques teaches
students now to use several quantitative techniques. It teaches them how to prepare a variet ot Ar-, do-
nents The remainder of the exercises deal with Training Manageent, Budget, Mobilization. Preparation or
Combat ind ftghting a war in Europe First we looked at the professionals and the other oranch -roup, n
reactior to question 9 on the first administration

TBIF q

Lesson 2. r121. Milliary Aritinr
Ftrs- Adrinlstratln)

Strongly Strongly
Agree Agree Neutral Disagree Disagree

Combat Arms 79 8e 14 9 S3 -:- --

iCombat Support 83 7 11 6 4 Y

Combat Service 75 o 15 6' g -- --
Support
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-This lesson was valuable to an officer in no branch." This lesson topic was Military Writing One thing
is remarkable there arc no disagrees or strongly disagrees. \ote that there is less enthusiasm anoag the
prolessionals. but they appurentl feel the lesson is valuable even though they show less enthusiasm

TABLE 4

Lesson.5, rf', Plitary Briefing

(irst AG..nstration)

Strongly Strongly

Agree Agree Neutral Disagree bisagree

Combat A-rs 84 01 13 3% 2 11 --

Cc-bat Support 81 4' 16 3. 2.31 ..

Combat Service 81 32 18 8t O ..
Support

Professioral o6 7 26 7 t 7' .- --

Next, lets look at question 73 which refers to Lesson 5, Oflitary Briefing and asks if that lesson was
valuable to an officer in that branch. The response here is similar - just less enthosias \ext, lets
look at question 97, third administration of the SPCR.

TABLE 5

Lesson 12, F626, Division Operations Plan
(Third Administration)

Strongly Strongly
Agree Agree Neutral Disagree Disagree

Combat Arms 42 9 45 7' 9 5% 9% 0%

Combat Support 27 7! 66 0t 6 4% 0 0

Combat Service 25 it 51 4t 20.0% 9% 01
Support

Professional 26 3 42 1 26 3 0 5 3 1

the item ask, how valuable the lesson on the Division Operation 'Ian cs Lo an officer in that brooch thus
data shows that the perception of professional branch officers is simlilcr to tombat Service Support and
.ombat Support branch groups Our conclusion was that the professional branch 'embers Perceived some
lessons less posutivelv, bt no action was required on this matter. We will now consider another exanple
ot use of the SPCR Remember that students are required to conplete a set of 15 nodules b correspondence
prior to attending the resident portion Ie wanted to find out if students felt well prepared for thy
Phase II lessons We looked at responses to the questuon, "Phase I material did a good job of preparing
ne for this lesson
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TABLE 6

Phase 11 Lesson* for Which Students
Pelt Poorly Prepared

Percentage Who Aqree
Lesson and Strongly Agree

Lesson 6. F121. Meeting Management 36'

Lesson 4. F121. Time Management 371

Lesson 3. F121. Quantitative Skills 641 j
We found two lessons shere students felt poorly prepared. The lessons were Lesson 2. Tie 4anageent and
Lesson , MI ting Mnage-ent both of which were in the Staff Techniques exercise. The responses to Lesson 3.
Quantitative 'kiils are IncIoded for purposes of comparison It is the intent of our program to use Phase I
to prepare students for Phase 11. but in this instance we identified an oversight. This oversight is being
considered by the curriculu comittee.

The SPCR was used to analyze student perceptions of the Staff Ride. The Staff Ride is used to teach
students how to analyze terrain. Students are taken by bus to various sites to practice terrain analysis
uder the direction of Staff Leaders. There were som complants from students so we decided to do an analysis

of this leeson.

TABLE 7

Lesson 4, F626, The Staff Ride

(Third Administration)

Str ngly Strongly
Agree Agree Neutral Disagree Disagree

Combat Arms 31.43 41.0% 18.1% 7 6% 1.9%

Combat Support 36.23 38.3% 14 9% 10.6% 01

Combat Service 20.0% 34.3% 31.4Z 8 6% 5.71

Support

Professional 36.8% 36.8% 21.1% 5.3% 0%

I Total 31.01 38.6. 20 03 8.1* 2 43

When we looked at it, this is what we saw. One analysis technique we often use is to combine agree and
neronily agree responses. Here, the combined figures add up to 692 which is a more than 2/3 approaI

TABLE 8

Lesson 7, F626, The Personnel Estimate
(Third Administration)

Strongly Strongly
Agree Agree Neutral Disagree Disagree

Combat Arms 28 6% 41.9% 25.7% 2.9%

Combat Support 14.9. 48.9t 29.8 4.31

Combat Service 34 3. 54.3t 8.61 2.9%

Support

Professional 26.3% 57.9% 10 5% 01

2 -, 21 q
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hiren we compared it to another, more or less representative lesson on the Personnel Estimate. the approval

ratings were siliar in this case we decided to do a little core analysis and to look at responses according

to Staff Leaders. he looked at responses to the question, "Skills and infornation learned in this lesson gill

be useful to me in future assignments."

TABLE 9

Responses Analvrd Acerding to Staff Leadirs

Lesson 4. F626. The Staff Ride

IStrongly Strongly
Saff Leader Ideitifier Agree Agree Neitral Disagree Disagree

0 3 4 3 .. ..

G 1 8 --
S 8 - 6 3 1 3

F 3 2 3 3 2

(Analysis by Nurbers)

Here are twD examples of stuff leaders who apprently convinced their students that the Staff Ride was
critical to their future success and two other Staff Leaders who were not so serceseful. ie decided, us a

result of this analysis, to make sure that incoming Staff Leaders received tralning on how to conduct a Staff

4.oj This traiau.% .sa bae.s i-.dicLcd as r a coop to ace aa irrova..vat L. atodout Porception of the

Staff Ride.

The SPCR instrument is used in on anlytical mode, but it is also used to provide feedback to instructors.
You say remember that questions were asked about exercises in addition to the 8 questions asked bout each

lesson Students are asked about their perception of worale in the Staff Group; they are also asked if every-

one in the Staff Group is doinp their share of work. Here is an example of the kinds of feedback provided to
the Staff Leader. This is a response to the question. "licrale in the Staff Group is good."

TABLE 10

LAample of Feedbac Provided to Staff Leaders

Strongly Strongly
Staff Leader identifier Agre- Agree Neutral Disagree Disagree

A 4 6 0 1 0

H 0 I 9 0 0

P 6 6 0 0 0

0 2 3 0 3 S

AnalslS by Nu-bers,

Here is an example. Each Staff Leader receives inforation o all of the Staff Groups: he sill bno that his
code letter is F or N or whatever, but he will not know tho code letter of other Staff Leaders This given
a Staff Leader a chance to compare morale in hs Staff Group with other Staff Groups. Since there are three
administrations of 'hIs instrument. the Staff Leader can look at the status of morale at three different tine

periods. The Staff Leader can also compare norale levels with previous Staff Groups he has had. \ote
that in this instance Staff Leader H has nine people who are neutral about morale Morale in group P
appears to be good. The sane kind of information is provided in regard to student perception of other Staff
Group sembers doing their share of work This information may cause that particular staff leader to re-look
at a orobie, or it may cause him to take corrective action.

SUMMARY

This system which asks the same 8 questions about each lesson and then analyzes the responses by Staff
Group and branch membership has proved to be quite successful.
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BY-LAWS OF THE MILITARY TESTING ASSOCIATION

Article I - Name

The name of this organization shall be the Military Testing Association.

Article II- Purpose

The purpose of this Association shal! be to-

A Assemble representatives of the various armed services oi the United States and such other
nations as might request to discuss and exchange ideas concerning assessment of military person-
nel.

B Review, study, and discuss the mission, organization, operatons, and research activities of the
various associated organizations engaged in military personnel and assessment

C Foster improved personnel assessment through exploration and presentation of new techniques
and procedures for behavioral measurement, occupational analysis, manpower analysis, simulation
models, training programs, selection methodology, survey and feedback systems

D f'romote cooperation in the exchange of asessaent procedures, techniques and instruments

E Promote the assessment of milhtary personnel as a scientific adjunct to modern military per-
sonnel management within the military and professional communities

Article Ill - Participation

The following categories shall constitute membership within the MTA

A. Primary Membership.

1. All active duty military and civilian personnel permanently assigned to an agency of the
associated armed services having primary responsibility for assessment for personnel sys-
tems.

2. All civilian and active duty military personnel permanently assis-ed to an organization
exercising direct command over an agency of the associated armed services holding primary
responsibility for assessment of military personnel

B. Associate Membership

1. Membership in this category will be extended to permanent personnel of various govern-
mental, educational, business, industrial and private organizations engaged in activities that
parallel those of the primary membership Associate members shall be entitled to all
privileges of primary members with the exception of membership on the Steering Commit-
tee. This restriction may be waived by the majority vote of the Steering Committee.

Article IV - Dues

No annual dues shall be levied against the participants

Article V - Steering Committee

A The governing body of the Association shall be the Steering Committee. The Steering Com-
mittee shall consist of voting and non-voting members Voting members are primary members of
the Stecring Committee. Primary membership shall include:

1. The Commanding Officers of the respective agencies of the armed services exercising
responsibility for personnel assessment programs

2. The ranking civilian professional employees of the respective agencie of the armed ser-
vice exercising primary responsibility for the conduct of personnel assessment systems.

3 Each agency shall have no more than two (2) representatives

949



B Associate membership of the Steering Committee shall be extended by majority vote of the
committee to representatives of various governmental, educational, business, industrial and
private organizations whose purposes parallel those of the Association.

C. The Chairman of the Steering Committee shall be appointed by the President of the Associa-
tion The term of office shall be one year and shall begin the last day of the annual conference

D. The Steenng Committee shall have general supervision over the affairs of the Association and
shall have the responsibility for all activities of the Association The Steering Committee shall
conduct the ousiness of the Association in the interim between annual conferences of tht Associa-
tion by such means of communicaton as deemed appropriate by the President or Chairman

E. Meeting of the Steering Committee shall be held during the annual conferences of the Aseocia-
tion and at such times as requested by the President of the Association or the Chairman of the
Steering Committee. Representation from the majority of the organizations of the Steering Com-
mittee shall constitute a quorum.

Article VI - Officers

A The officers of the Association shall consist of a President, Chairman of the Steering Commit-
tee and a Secretary.

B. The President of the Association shall be the Commanding Officer of the armed services
agency coordinating the annual conference of the Association The term of the President shall
begin at the close of the annual conference of the Association and shall expire at the close of the
next annual conference

C I t shall be the duty of the President to organize Lad coordinate the annual conference of the
Association held during his term of office, and to perform the customary duties of a president

D The Secretary of the Association shall be filled through appointment by the President of the
Association The term of office of the Secretary shall be the same as that of the President

E It shall be the duty of the Secretary of the Association to keep the records of the association,
and the Steering Committee, and to conduct official correspondence of the association, and to
issue notices for conferences The Secretary shall solicit nominations for the Harry Greer award
prior to the annual conference The Secretary shall also perform such additional duties and take
such additional responsibilities as the President may delegate to him.

Article VII - Meetings

A The Association shall hold a conference annually

B. The annual conference of the Associat-on shall be coordinated by the agencies of the associ-
ated armed services exercising primary responsibility for military personnel assessment The coor-
dinatin3 agencies and the order of rotation will be determined annually by the Steering Com.mit-
tee. The coordinating agencies for at least the following three years will be announced at the
annual meeting.

C The annual conference of the Association shall be held at a time and place determined by the
coordinating agency. The membership of the Association shall be informed at the annual confer-
ence of the place at which the following annual conference will be held The coordinating agency
shall inform the Steering Committee of the time of the annual conference not less than six (6)
months prior to the conference

D The coordinating agency shall exercise planning and supervision over the program of the
annual conference. Final selection o' program content shall be the responsibility of the coordinat-
ing organization.

E. Any other organization desiring to coordinate the conference may submit a formal request to
the Chairman of the Steering Committee, no later than 18 months prior to the date they wish to
serve as host.
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Article Vill - Committees

A Standing committees may be named from time to time, as required, by vote of the Steering
Committee The chairman of each standing committee shall be appointed by the Chairman of
the Steering Committee Members of standing committees shall be appointed by the Chairman of
the Steering Committee in consultation with the Chairman of the committee in question Chair-
men and committee members shall serve in their appointed capacities at the discretion of t:hs
Chairman of the Steering Comnittee The Chairman of the Steering Committee shall be ex
officio member of all standing committees

B The President with the counsel and approval of the Steering Committee may appoint such ad
hoc committees as are neeaed from time to time An ad hoc committee shall serve until its
assigned task is completed or for the length of tine specified by the President i consultation with

the Steering Committee

C All standing committees shall clear their general plans of action and new policies through the
Steering Committee, and no committee or committee chairman shall enter into relationships or
activities with persons or groups outside of the Association that extend beyond the approved gen-
eral plan of work without the specific authorization of the Steering Committee

D In the interest of continuity, if an} officer or member has any duty elected or appointed
placed on him, and is unable to perform the designated duty, he should decline and notify at once
the officers of the Association that lie cannot accept or continue said duty

Article IX - Amendments
A Amendments of these By-Laws may be made at any annual conferenee of the Association
B Amendments of the By-Laws may be made by majority vote of the assembled membership of

the Association provided that the proposed amendments shall have been approved by a majority

vote of toe Steering Committee

C Proposed amendments not approved by a majority vote of the Steering Committee shall
require a two-third's vote of the assembled membership of the Association

Article X - Voting

All members in attendance shall be voting members

Article XI - Harry I Greer Award

A Selection Procedures

1 Recipients of the larry II Greer Award will be selected by a committee drawn from the
agencies represented on the MTA Steering Comnnittee The CO of each agency will desig-
nate one person from that agenc) to serse on the Awards Committee Each committee
member will have attended at least three previous MTA meetings The member from the
coordinating agency w ill serve as chairman of the committee

2 Nominations for the award iii a given year will be submitted in writing to the Awards
Committee Chairman by I January of that year

3 The Chairman of the committee is responsible for cansassing the other committee
members to arris e at consensus on tihe selection of a recipient of the award

4 No more than one person is to receive the award each year, but the award need not be
made each year The Awards Committee may decide not to select a recipient in any gi]en
) ear

5 The annual selection of the person to receive the award or the decision not to make an
award that year is to be made at least six weeks prior to the date of the annual MTA
Conference
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B Selection Criteria

I The recipients of the Harry II Greer Award are to be selected on the basis of outstanding
work contributing significantly to the MTA

C The Award

I The larry 11 Greer Award is to be a certificate normally presented to the recipient dur-
ing the Annual MTA Conference The awards committee is responsible for preparing the
text of the certificate The coordinating agency is responsible for printing and awarding the
certificate

Article XII - Enactment
These By-Laws shall be in force imnediately upon acceptance by a majority of the assembled
membership of the Association and/or amended (in force 21 October 1985)

MTA STEERING COMIMITTEE MEMBERS
US Army Research Institute

US Air Force Human Resources Laboratory

US Air Force Occupational Measurement Center

US Coast Guard Institute

US Naval Education and Training Program Development Center

US Navy Personnel Research and Development Center

Belgian Armed Forces Psychological Researia Section

Canadian Forces Directorate of Military Occupational Structures

Canadian Forces Personnel Applied Research Unit

Federal Republic of Germany Ministry of Defense

Royal Australian Air Force Evaluation Division

National Headquarters Selective Service System

US Navy Occupational Data Analysis Center

Defense Activity for Non-Traditional Education Support
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MINUTES

MTA STEERING COMMITTEE MEETING
27TH ANNUAL CONFERENCE

21-25 OCTOBER 1985
SAN DIEGO, CALIFORNIA

OPENING RENARKS

The meeting was opened by Dr Martin iskoff. the Conference Chairman
for 1985

A list of the Steering Committee members present at this meeting is
attached

The minutes of the 2eth ITA Conference held in Munich, Germany were
reviewed and unanimously approved by the Steering Committee

REQUEST FOR IEIBERSHIIP

The Navy Occupational Data Analysis Center and the Defense Activit for
Non-Traditional Education Support requested Primary embership and
were appioved

HARRY GREER AWARD

A written nomination was sabmitted in December 1984 by COL Paul T
Ringenbach, Commander, USAF Occupational Measurement Center for Mr Fred
Hawrysh, of the Directorate of Military Occupational Structures,
National Defense Headquarters, Ottawa, Canada for the 1985 Harry II Greer
Award Following discussion, the Steering Committee
voted in favor of the nomination.

BY-LAW CHANGES

Dr. John Ellis ot the Navy Personnel Research and Development Center
proposed that the b3 -laws be amended to include greater mention of
training research and development After some discussion It was
decided not to change the by-laws, but to provide greater emphasis to
training in the annual call for papers and to expand the mailing list
to include a broader range of training organizations

Two changes to the by-laws were approved. The intent of Article V,
Section A of the by-laws was clarified to read "3. Each agency shall
have no more than two representatives." A listing of current members
of the NTA Steering Committee is to be included at the end of the
by-laws. The revised by-laws appear in the 1985 proceedings
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PROCEEDINGS GL IDELINES

There was discussion as to the desiribility of establishing guidelines for
submitting papers. A proposal will be made by the Federal Republic of
Germany

MrA 1986

The U. S. Coast Guard Institute is scheduled to host the 1986 meeting,
either in Oklahoma City, OK or in the New London,, CT area. The 1986
NTA President uill be CAPT Robert W. Davis and the Chairman w'l be
Mr John Burt.

fTA 1987-1988

The Canadian Forces Directorate for Military Occupational Structures
and the Canadian Forces Applied Research Unit will host the 1987 meeting
in Ottaua and the Army Research Institute will host the 1988 meeting in
an undetermined location.

ADJOURNMENT

There being no further business, the meeting was adjourned.
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STEERING COMMITTEE MEMBERS PRESENT

21 October 1985

Carol V Ascljerfeld U S Navy Education and Training program
Development Center

Walter W Birdsall U.S. N'as Education and Tiaining Viogram
Development Center

Arnold bohrer Belgian Armed Force,_ Vs%(!iological Research Section

JTohn A Burt U.S Coast Guard Institute

John F.]]is 1 .S Navy personnel Research, and Development Center

SQNIDR Ken Giten Royal Australian A~r Force Evauluatrou Division

Roger G. Goldberg U S. Defense Activity for Non-Traditional
Education Support

Wuif Gron-ald Federal Republic of Geimany. Ministry of Dlefense

Robert F Hlolz U S. Army Reseaicuh Institute

CDR J E OlsN01 L S \,i% Education and Training li ogram
Dl Iopmen t CentLer

LCOL Terr% J l'rociuk, Canadian Forces. P'ersonuel Applied Research tUit

MIartiii L Rauch Fedeu al Republic of CermnuuY, ?1inistry of Defeiise

COL P1. T. Ringenbach U.S Air Foice Occupational 'leasuremcnt Center

J S. Tartell L, S Air Force Occupational MIeasurement Center

Raymond 0 lUaldkoetter U.S Army Reseaich Institute

Robert J luilson U 9 Naiv% Occupational Dlata Anal~sis Center

M1art ii luiskoff U S Naxy Personnel Research and Dexelopment Center

COIL G. A Zypchen Canadian Forces, Dlirectorate of M1ilitary
Occupat iona I Struct iies
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Military Testing Association

1985
Harry H. Greer Award

to
FRED HAWRYSH

The Harry H. Greer Award is hereby presented to
Mr. Fred Hawrysh of the Directorate of Military Occu-
pational Structures, National Defence Headquarters,
Ottawa, Canada, for outstanding work contributing
significantly to the goals and purposes of the Military
Testing Association.

You have been an active proponent of MTA for many
years, first as an active-duty representative of the
Canadian Forces and later as the senior civilian for
your agency. We acknowledge your encouragement of
MTA attendance and your leadership in stimulating
quality presentations.

Your achievements in stimulating international ex-
change and cooperative work in the field of occupa-
tional analysis are outstanding. The continuing suc-
cess of the Comprehensive Occupational Data Analysis
Programs (CODAP) reflects positively on your dedica-
tion and enthusiasm.

The devotion and professionalism of your work are
of great credit to yourself and the association. With
gratitude, appreciation, and friendship of all those
affiliated, the MTA recognizes Fred Hawrysh with this
Harry H. Greer Award.

' THoward S Eldredge -
MTA Presndent

rE 103 Commending Ofcer
Navy Perdslonng e ach
and Development Center



MTA 27TH ANNUAL CONFERENCE STAFF

MITA PRESIDENT

CAPTAIN HOWARD S. ELDRLDGE

MTA CHAIRMAN

DR. MARTIN F $ISKOFF

COMIIITrEE CIIAIRPERSONS/NEIBERS

PROGRAM CO'IITTEE

DR. JOHN PASS
DR. JOHN ELLIS
DR NORM ABRAHAMIS

OPERATIONS COMPIITrLE

MR. ROB WELLS
MRS. MARGIE SANDS
'IS. PAT 'ARSH
MR JIl JLIIUS
MS JESSIE GRIER
ETI Jll LAU

FINANCE

MS. SUE STUMPF

PUBLICATIONS/GRAPIIICS

MR. GENE STOUT
MS. DARLA LElTHiISER
MR. PORTER WOOTEN
MR TED YELLEN
'IS. CARMEN SCHEIFERS

HOSPITALITY

DR. JOHN ELLIS
DR JOHN PASS
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